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Description

Technical Field

[0001] The present invention relates to an immuno-

chemical assay for anti-HMI .24 antibody. The present

invention also relates to an immunochemical assay for

soluble HM1.24 antigen protein. Furthermore, the

present invention relates to soluble HM1 .24 antigen pro-

tein and DNA encoding the same.

Background Art

[0002] Goto, T. et at. have reported mouse mono-

clonal antibody, anti-1.24 antibody that recognizes an

antigen of molecular weight 22 to 39 kDa specifically

expressed in a B cell line obtained by immunizing

human plasma cells (Blood (1994) 84, 1922-1930). This

mouse anti-HM1.24 antibody exhibits an in vivo anti-

cancer effect in human plasma cell-implanted mice as

well as an in vitro anti-cancer effect due to its ADCC
(antibody-dependent cellular cytotoxicity) activity on

human plasma cells (Ozaki, S. et al., Blood (1997) 90,

3179-3189).

[0003] Chimeric antibody and reshaped human

antibody of this anti-HM1.24 antibody have also been

created (Koichiro Ozawa et a)., The 20th Annual Meet-

ing for The Molecular Biology Society of Japan (1997),

Abstracts, general subject 3-501 -P-478).

[0004] On the other hand, the determination of

activity of these mouse HM1 .24 antibody, chimeric anti-

body, and reshaped human antibody has been con-

ducted in a cell-ELISA (Goto, T et al. Blood (1994) 84,

1922-1930), and there is a need for more precise assay

methods.

Disclosure of the Invention

[0005] Anti-HM1 .24 antibody and its antigen, i.e.,

HM1.24 antigen, protein expressed on the cell mem-
brane have already been reported as described above.

However, methods have not been known that detect or

determine soluble HM1.24 antigen protein, low levels of

soluble HM1.24 antigen protein or anti-HM1.24 anti-

body.

[0006] Thus, the present invention provides a sim-

ple method that detects or determines low levels of sol-

uble HM1.24 antigen protein or anti-HMI .24 antibody.

[0007] Thus, the present invention provides (1) an

immunochemical assay for anti-HM1.24 antibody, said

method comprising the steps of reacting soluble

HM1.24 antigen protein and anti-HMI .24 antibody con-

tained in a test sample, and then detecting or determin-

ing the anti-HMI .24 antibody bound to the soluble

HM1.24 antigen protein. The soluble HM1.24 antigen

protein is preferably fused to another peptide or

polypeptide. The soluble HM1.24 antigen protein is

preferably bound to a support.

[0008] The support is preferably beads or a plate.

The soluble HM1.24 antigen protein is bound to the sup-

port by means of antibody against soluble HM1.24 anti-

gen protein or another peptide or polypeptide fused to

5 soluble HM1 .24 antigen protein.

[0009] The present invention also provides (2) an

immunochemical assay described in the above (1), said

method comprising detecting or determining the anti-

HMI .24 antibody bound to the soluble HM1 .24 antigen

io protein using a primary antibody against anti-HM1.24

antibody.

[0010] The present invention also provides (3) an

immunochemical assay described in the above (1) and

(2), said method comprising detecting or determining

75 the anti-HM1 .24 antibody bound to the soluble HM1 .24

antigen protein using a primary antibody against the

anti-HM1.24 antibody and a second antibody against

the primary antibody. In the above (1) and (2), the pri-

mary antibody or the second antibody is preferably

20 labeled with a radioisotope, an enzyme, biotin/avidih'or

a fluorogenic substance.

[0011] The present invention also provides (4) an

immunochemical assay for soluble HM1 .24 antigen pro-

tein, said method comprising the steps of reacting anti-

25 HM1.24 antibody and soluble HM1.24 antigen protein

contained in a test sample, and then detecting or deter-

mining the soluble HM1 .24 antigen protein bound to the

anti-HMt .24 antibody. The soluble HM1 .24 antigen pro-

tein is preferably fused to another peptide or polypep-

30 tide. The anti-HM1 .24 antibody is preferably bound to a

support.

[0012] The support is preferably beads or a plate.

The anti-HM1.24 antibody is preferably bound to the

support by means of antibody against anti-HM1 .24 anti-

35 body.

[0013] The present invention also provides (5) an

immunochemical assay described in the above (4), said

method comprising detecting or determining the soluble

HM1.24 antigen protein bound to the anti-HM1.24 anti-

40 body using a primary antibody against the soluble

HM1.24 antigen protein or a primary antibody against

another peptide or polypeptide bout to soluble HM1.24

antigen protein.

[0014] The present invention also provides (6) an

45 immunochemical assay described in the above (4) and

(5), said method comprising detecting or determining

the soluble HM1.24 antigen protein bound to the anti-

HMI .24 antibody using a primary antibody against the

soluble HM1.24 antigen protein or a primary antibody

so against another peptide or polypeptide fused to the sol-

uble HM1.24 antigen protein, and a second antibody

against the primary antibody. In the above (4) and (5),

the primary antibody or the second antibody is prefera-

bly labeled with a radioisotope, an enzyme, biotin/avidin

55 or a fluorogenic substance.

[0015] The present invention also provides (7) solu-

ble HM1.24 antigen protein having the amino acid

sequence as set forth in SEQ ID NO: 1

.
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[0016] The present invention also provides (8) a

fusion protein of the soluble HM1.24 antigen protein

described in the above (7) and another peptide or

polypeptide. Specific examples of fusion proteins of sol-

uble HM1.24 antigen protein and another peptide or 5

polypeptide are described in SEQ ID NO: 3 and 4. The
present invention also provides (9) DNA encoding the

soluble HM1 .24 antigen protein or a fusion protein of the

soluble HM1 .24 antigen protein and another peptide or

polypeptide described in the above (7) and (8). DNA 10

encoding soluble HM1.24 antigen protein or a fusion

protein of soluble HM1.24 antigen protein and another

peptide or polypeptide has the sequence as set forth in

SEQ ID NO: 1. Other specific examples include the

nucleotide sequences as set forth in SEQ ID NO: 3 and 75

4.

Brief Explanation of Drawings

[0017] 20

Fig. 1 is a schematic diagram showing the decoded
range of the nucleotide sequence of a vector

CGM/HA into which a gene expressing the HA tag

has been inserted. 25

Fig. 2 is a schematic diagram showing a sandwich

ELISA system that employs an HA tagged soluble

antigen.

Fig. 3 is a graph showing a standard curve of

humanized anti-HM1.24 antibody in a sandwich 30

ELISA system that employs the culture supernatant

of COS-7 cells in which an HA tagged soluble anti-

gen has been transiently expressed.

Fig. 4 is a graph showing a standard curve of

humanized anti-HM1.24 antibody in a sandwich 35

ELISA system that employs the culture supernatant

of COS-7 cells in which an HA tagged soluble anti-

gen has been stably expressed.

Fig. 5 is a graph showing a time course of blood lev-

els of antibody in Rhesus monkey that received chi- 40

meric anti-HM1.24 antibody, said level being

determined by a sandwich ELISA system that

employs HA tagged soluble antigen.

Fig. 6 is a graph showing that humanized anti-

HM1.24 antibody inhibits the binding of biotin- 45

labeled mouse anti-HM1.24 antibody to HA tagged

soluble antigen in a dose dependent manner in a
sandwich ELISA system that employs a HA tagged

soluble antigen, similarly to chimeric-HM1.24 anti-

body. 50

Fig. 7 is a graph showing that the fluorescence

intensity of mouse anti-HMl.24 antibody (panel to

the left and anti-HA antibody (panel to the right) is

shifted as compared to the control antibody (indi-

cated by a broken line) in a FCM analysis that ss

employs CHO cells in which HA tagged soluble

antigen has been stably produced. In the figure, #1

refers to a CHO cell line selected with G418, and

#A refers to a CHO cell line selected with 5 nM MTX
using a #1 cell as a parent strain.

Fig. 8 is a photograph showing HM1.24 antigen

detected after the culture supernatant and the cell

lysate from CHO cells in which HA tagged soluble

antigen has been stably produced were subjected

to SDS-polyacrylamide gel electrophoresis under a

reduced condition and then to Western blot using

mouse anti-HM1.24 antibody. In the figure, #1

refers to a CHO cell line selected with G418; #A,

#B, and #C each refer to a CHO cell line selected

with 5 nM MTX using a #1 cell as a parent strain;

and KPMM2 cell lysate is a positive control of

HM1.24 antigen.

Fig. 9 is a photograph showing HM1.24 antigen

detected after the culture supernatant and the cell

lysate from CHO cell #C strain in which HA tagged
soluble antigen has been stably produced were
subjected to SDS-polyacrylamide gel electrophore-

sis under a reduced and non-reduced condition and
then to Western blot using mouse anti-HM1 .24 anti-

body. In the figure, #C refers to a CHO cell line

selected with 5 nM MTX, and KPMM2 cell lysate is

a positive control of HM1.24 antigen.

Fig. 10 is a schematic diagram showing the

decoded range of the nucleotide sequence of a
vector CGM/HA-HM1 64 for HA tagged C-terminal

deleted soluble HM1 .24 antigen.

Fig. 11 is a graph showing a standard curve of

humanized anti-HM1.24 antibody in a sandwich
ELISA system that employs the culture supernatant

of COS-7 cells in which HA tagged C-terminal

deleted soluble HM1.24 antigen has been
expressed.

Fig. 12 is a graph showing a standard curve of

humanized anti-HM1.24 antibody in a sandwich
ELISA system that employs the culture supernatant

of CHO cells in which HA tagged C-terminal

deleted soluble HM1.24 antigen has been
expressed.

Fig. 13 is a photograph showing HM1.24 antigen

detected after the culture supernatant and the cell

lysate from CHO cells (#2, #21, #28) in which HA
tagged C-terminal deleted soluble antigen has

been produced were subjected to SDS-polyacryla-

mide gel electrophoresis under a reduced condition

and then to western blot using mouse anti-HM1 .24

antibody. In the figure, CHO/sHM refers to a CHO
cell line in which HA tagged C-terminal deleted sol-

uble antigen, and the culture supernatant thereof

has been used as a positive control of HM1 .24 anti-

gen.

Hg. 1 4 is a drawing that shows the amino acid

sequence corresponding to the nucleotide

sequence of cDNA encoding HM1.24 antigen pro-

tein.

Fig. 15 is a drawing that shows the amino acid

sequence corresponding to the nucleotide

3
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sequence of cDNA encoding HM1.24 antigen pro-

tein.

Fig. 16 is a schematic diagram showing clone

P3.1 9 isolated by the Panning method and 5 clones

(IS1 to IS5) isolated by the immunoscreening

method.

Fig. 17 is a drawing that shows the result of flow

cytometry analysis using anti-HM1.24 antibody (A:

CHO/NEO, B: CHO/HM). The histogram of anti-

HM1.24 antibody is shown by a solid line, and that

of the control antibody (UPC10) that showed the

same isotype is shown by a broken line. In the fig-

ure, the abscissa refers to fluorescence intensity

and the ordinate to cell count.

Fig. 1B a photograph in which the expression of

HM1.24 antigen in each cell line and CHO cells

expressing HM1.24 was detected by the immuno-

precipitation/Western blotting method using anti-

HM1.24 antibody. After immunoprecipitation using

the anti-HM1.24 antibody-bound Sepharose 4B

(lanes 1 to 6) or unbound Sepharose 4B (lanes 7

and 8), Western blotting was carried out using anti-

HM1 .24 antibody to detect HM1 .24 antigen (shown

on the right). (": anti-HM1.24 antibody H chain).

Fig. 19 is a graph showing a standard curve of

humanized anti-HM1 .24 antibody in the ELISA sys-

tem that employs GST-tagged soluble HM1 .24 anti-

gen expressed by Escherichia c_p_U.

Embodiment for Carrying Out the Invention

[0018] The soluble HMt.24 antigen protein of the

present invention may be any protein as long as it has

the amino acid sequence comprising Asn at amino acid

position 1 to Gin at amino acid position 132 of the amino

acid sequence as set forth in SEQ ID NO: 1 and it has

the biological activity of soluble HM1 .24 antigen protein.

The biological activity of soluble HM1.24 antigen pro-

tein, as used herein, means that it can be specifically

bound to anti-HM1 .24 antibody, it is not bound to the cell

membrane but is free from it and soluble, and it is a

cfimer.

[0019] The soluble HM1.24 antigen protein of the

present invention may also be any soluble HM1 .24 anti-

gen protein that has the biological activity of soluble

HM1.24 antigen protein, and has the amino acid

sequence which has been modified by substitution,

deletion and/or addition of one or a plurality of amino

acids in the amino acid sequence as set forth in SEQ ID

NO: 1. More specifically, the soluble HM1.24 antigen

protein of the present invention may have amino acids in

which one or more than one, preferably one or not

greater than 24, and more preferably one or not greater

than 12 amino acid residues have been substituted in

the amino acid sequence as set forth in SEQ ID NO: 1.

[0020] Alternatively, the amino acid sequence as

set forth in SEQ ID NO: 1 may be modified by deletion

of one or more than one, preferably one or not greater

than 42, and more preferably one or not greater than 17

amino acid residues. Alternatively, the amino acid

sequence as set forth in SEQ ID NO: 1 may be modified

by the addition of one or more than one, preferably one

5 or not greater than 50, and more preferably one or not

greater than 14, amino acid residues. The soluble

HM1 .24 antigen protein for use in the present invention

may have undergone modification by the above substi-

tution, deletion, and/or addition at the same time.

w [0021] Soluble HM1.24 antigen protein has been

demonstrated to exhibit its biological activity as long as

it has the amino acid sequence comprising amino acid

Asn at position 1 to amino acid Arg at position 90 in

SEQ ID NO: 1. The soluble HM1.24 antigen protein of

15 the present invention may be a soluble HM1.24 antigen

protein that has the amino acid sequence from amino

acid Asn at position 1 to amino acid Arg at position 90 in

SEQ ID NO: 1 , or the amino acid sequence modified by

the substitution, deletion, and/or addition of one or a

20 plurality of amino acid residues in the amino acid

sequence from amino acid Asn at position 1 to amino

acid Arg at position 90.

[0022] Soluble HM1.24 antigen protein may be a

soluble HM1 .24 antigen protein that has the amino acid

25 sequence from amino acid Arg at position 90 to amino

acid Gin at position 132 in SEQ ID NO: 1 , or the amino

acid sequence modified by the substitution, deletion,

and/or addition of one or a plurality of amino acid resi-

dues to this amino acid sequence, as long as it has the

30 biological activity.

[0023] As a soluble HM1.24 antigen protein having

the amino acid sequence modified by the substitution,

deletion, and/or addition of one or a plurality of amino

acid residues in the amino acid sequence of SEQ ID

35 NO: 1 , there may be mentioned a soluble HM1.24 anti-

gen protein having the amino acid sequence as set forth

in SEQ ID NOs: 3 and 4.

[0024] It has already been known that a protein

having an amino acid sequence modified by the substi-

40 tution, deletion, and/or addition of one or a plurality of

amino acid residues to a given amino acid sequence

maintains its biological properties (Mark, D.F. et al. t

Proc. Natl. Acad. Sci. U.S.A. (1984) 81, 5662-5666,

Zoller, M.J. & Smith, M. Nucleic Acids Research (1982)

45 10, 6487-6500, Wang et al., Science 224, 1431-1433,

Dalbadie-McFarland, G. et al., Proc. Natl. Acad. Sci.

U.S.A. (1982) 79, 6409-6413).

[0025] For soluble HM1.24 antigen proteins of the

present invention, the amino acid sequences, molecular

so weight, isoelectric point, the presence and position of

sugar chain addition, the structure of a sugar chain, the

state of phosphorylation and/or the presence of a

disulfide bond may vary depending on the species from

which they are obtained, the host that produces them,

55 and/or the method of purification. However, proteins of

any structure may be used as long as it can be prefera-

bly used in the present invention. The species from

which the proteins are obtained is preferably human.

4
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[0026] As DNA encoding the soluble HM1.24 anti-

gen proteins of the present invention, there can be men-

tioned a nucleotide sequence from the necleotide

adenine at the nucleotide position 1 to the guanine at

the position 396 as set forth in SEQ ID NO: 1 . As DNA 5

encoding the soluble HM1.24 antigen proteins of the

present invention, DNA of any origin may be used as

long as it has the nucleotide sequence as set forth in

SEQ ID NO: 1. One example of such DNA includes, for

example, genomic DNA, cDNA, and synthetic DNA. The 70

DNA may be DNA obtained from a cDNA library or a

genomic library obtained from various cells, tissues, or

organs, or from species other than humans, and they

may be from a commercially available DNA library. Vec-

tors for use in such libraries may be plasmids, bacteri- 75

ophages, YAC vectors, and the like.

[0027] DNA encoding soluble HM1.24 antigen pro-

tein for use in the present invention may be DNA that

hybridizes to the nucleotide sequence as set forth in

SEQ ID NO: 1 and encodes a protein having the biolog- 20

ical activity of soluble HM1 .24 antigen protein. As a con-

dition under which DNA encoding soluble HM1.24
antigen protein hybridizes, there may be mentioned a

suitable stringent condition.

[0028] Such conditions include, for example, a low 25

stringent condition. By way of example, a low stringent

condition is a washing condition provided by room tem-

perature in 2 x SSC and 0.1% sodium dodecyl sulfate.

More preferably, there may be mentioned a high strin-

gent condition. By way of example, a high stringent con- 30

dition is a washing condition provided by 60°C, in 0.1 x

SSC and 0.1% sodium dodecyl sulfate. It is already

known that a protein encoded by a DNA that hybridizes

under a suitable stringent condition to a nucleotide

sequence encoding protein has the same biological 35

activity as the protein.

[0029] Thus, the soluble HM1.24 antigen protein of

the present invention is encoded by the above "DNA
that hybridizes" and includes proteins having the biolog-

ical activity of soluble HM1 .24 antigen protein. 40

[0030] The amino acid sequence of human HM1 .24

antigen protein expressed on the cell membrane is

shown in SEQ ID NO: 16. E coQ that has the plasmid

pRS38-pUC19 having DNA encoding human protein

having an amino acid sequence as set forth in SEQ ID 45

NO: 16 at the Xbal cleavage site was designated as

Escherichia coli DH5a (pRS38-pUC19) and has been

internationally deposited under the provisions of the

Budapest Treaty on October 5, 1993, with the National

Institute of Bioscience and Human Technology, Agency so

of Industrial Science and Technology, of 1-3, Higashi 1-

chome, Tsukuba-shi, Ibaraki pref., Japan, under acces-

sion number FERM BP-4434.

[0031] The soluble HM1.24 antigen proteins of the

present invention may be the above proteins that are 55

fused to another peptide or polypeptide, as long as they

have the biological activity of soluble HM1.24 antigen

protein. Such fusion proteins may be produced by a

known method. Another peptide or polypeptide sub-

jected to fusion with the protein may be any peptide or

polypeptide as long as it can be advantageously used in

the present invention. As such peptides, for example,

known peptides may be used including FLAG (Hopp, T
P. et al. ( BioTechnology (1988) 6, 1204-1210), 6 x His

comprising 6 His (histidine) residues, 1 0 x His, influenza

hemagglutinin (HA), fragments of human c-myc, frag-

ments of VSV-GP, fragments of p18HIV, T7-tag, HSV-
tag, E-tag, fragments of SV40T antigen, Ick tag, frag-

ments of a-tubulin, B-tag, fragments of Protein C, and

the like.

[0032] As polypeptides, there may be mentioned,

for example, GST (glutathione S-transferase), HA, the

constant regions of immunoglobulin, (3-galactosidase,

MBP (maltose-binding protein), and the like. They may
be commercially available polypeptides.

[0033] DNA encoding the protein for use in the

present invention may be generated by constructing the

above-mentioned DNA using commercially available

kits or by known methods. Construction may be

effected, for example, by digestion with a restriction

enzyme, addition of a linker, insertion of an initiation

codon (ATG) and/or a stop codon (ATT, TGA or TAG),

and the like.

[0034] Expression vectors for use in the present

invention may be any expression vectors as long as they

can be suitably used in the present invention. As
expression vectors, there may be mentioned expression

vectors derived from a mammal such as pEF and
pCDM8, expression vectors derived from an insect such

as pBacPAKS, expression vectors derived from a plant

such as pMH1 and pMH2, expression vectors derived

from an animal virus such as pHSV and pMV, expres-

sion vectors derived from a yeast such as pNV1 1

,

expression vectors derived from Bacillus subtilis such

as pPL608 and pKTHSO, and expression vectors

derived from Escherichia coli such as pGEX, pGEMEX
and pMALp2.

[0035] Expression vectors of proteins for use in the

present invention may be produced by linking DNA
encoding soluble HM1.24 antigen protein downstream
to the promoter. As promoters/enhancers, promot-

ers/enhancers derived from a mammal such as the

EF1-ct promoter/enhancer and y-actin pro-

moter/enhancer, promoters/enhancers derived from an

insect such as polyhedrin virus promoter/enhancer, pro-

moters/enhancers derived from a plant such as tabacco

mosaic virus promoter/enhancer, promoters/enhancers

derived from a plant such as SV40 promoter/enhancer

and human CMV promoter/enhancer, promot-

ers/enhancers derived from yeast such as alcohol dehy-

drogenase promoter/enhancer, promoters/enhancers

derived from Escherichia coli such as Lac pro-

moter/enhancer, Trp promoter/enhancer and Tac Pro-

moter/enhancer may be used.

[0036] For the expression of protein for use in the

present invention, a signal sequence suitable for the

5
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host to be used in the expression may be added. As the

signal sequence, there may be mentioned a signal

sequence for secretary proteins. As a signal sequence

for secretary proteins, there may be mentioned a signal

sequence for secretary proteins derived from a mammal

such as a signal sequence for immunoglobulins. As a

signal sequence for secretary proteins, there may be

mentioned a signal sequence for secretary proteins

derived from coJi such as periplasm secretary signal

sequence such as OmpA.

[0037] An expression vector produced as men-

tioned above can be introduced into a host by a known

method. Methods for introduction into the host includes,

for example, electroporation, the calcium phosphate

method, and the liposome method.

[0038] Proteins for use in the present invention can

be obtained as recombinant proteins produced using

gene recombinant technology as described above. For

example, recombinant proteins may be produced by

cloning the nucleotide sequence of a gene described

herein from a cell, tissue, or an organ that expresses

them and integrating the gene into a suitable vector,

which is introduced into a host to allow the host to pro-

duce said proteins. The recombinant proteins can be

used in the present invention.

[0039] Specifically, mRNA encoding a gene can be

isolated from the cell, tissue or organ that expresses

proteins to be used in the present invention. The isola-

tion of mRNA is conducted by preparing total RNA using

a known method such as the guanidine ultracentrifuga-

tion method (Chirgwin, J. M. et al., Biochemistry (1979)

18, 5294-5299), the AGPC method (Chomzynski, R and

Sacci, N., Anal. Biochem. (1987) 162, 156-159), and

then purifying mRNA from the total RNA using the

mRNA Purification Kit (Pharmacia) and the like. Alter-

natively, mRNA can be prepared directly using the

QuickPrep mRNA Purification kit (Pharmacia).

[0040] An mRNA obtained is used to synthesize

cDNA of the gene using a reverse transcriptase. The

synthesis of cDNA can be effected using an AMV
Reverse Transcriptase First-strand cDNA Synthesis Kit

(Seikagaku Kogyo), and the like. Alternatively, for the

synthesis and amplification of cDNA, a Marathon cDNA
Amplification kit (manufactured by CLOIMTECH) and 5*-

RACE method (Frohman, M.A. et at., Proc. Natl. Acad.

Sci. U.S.A. (1988) 85, 8998-9002; Belyavsky, A. et at.,

Nucleic Acids Res. (1989) 17, 2919-2932) that employs

the polymerase chain reaction (PCR) may be used.

[0041] A DNA fragment of interest may be prepared

from the PCR product thus obtained and ligated to a

vector DNA. Furthermore, a recombinant vector is con-

structed, from this, and is then introduced into £L coJi for

selection of colonies to prepare the desired recom-

binant vector. The nucleotide sequence of the desired

DNA may be confirmed by a known method such as the

dideoxy nucleotide chain termination method. Once the

desired DNA has been obtained, it may be integrated

into an expression vector.

[0042] More specifically, the DNA constructed as

described above may be expressed to obtain protein.

When mammalian cells are used, expression may be

accomplished using a conventionally used useful pro-

5 moter/enhancer, the gene to be expressed, and DNA in

which the poly A signal has been operably linked at 3'

downstream thereof or a vector containing them. Exam-

ples of the promoter/enhancer include a human cytome-

galovirus immediate early promoter/enhancer.

io [0043] Additionally, as the promoter/enhancer

which can be used for expression thereof, there are viral

promoters/enhancers such as retrovirus, polyoma virus,

adenovirus, and simian virus 40 (SV40), and promot-

ers/enhancers derived from mammalian cells such as

15 human elongation factor 1 a (HEF1 a).

[0044] For example, expression may be readily

accomplished by the method of Mulligan et al. (Nature

(1979) 277, 108) when the SV40 promoter/enhancer is

used, or by the method of Mizushima et al. (Nucleic

20 Acids Res. (1990) 18, 5322) when the HEF1a pro-

moter/enhancer is used.

[0045] In the case of JL cpJi, expression may be

conducted by operably linking a conventionally used

useful promoter, a signal sequence for protein secre-

25 tion, and the gene to be expressed, followed by expres-

sion thereof. As the promoter, for example, there can be

mentioned the lacz promoter and the araB promoter.

The method of Ward et al. (Nature (1 098) 341 , 544-546;

FASEB J. (1992) 6, 2422-2427) may be used when the

30 lacz promoter is used, and the method of Better et al.

(Science (1988) 240, 1041-1043) may be used when

the araB promoter is used.

[0046] As the signal sequence for protein secretion

into the periplasm of JL coJL the pelB signal sequence

35 (Lei, S. P. et al., J. Bacteriol. (1987) 169, 4379) can be

used.

[0047] As the origin of replication, there can be

used those derived from SV40, polyoma virus, adenovi-

rus, bovine papilloma virus (BPV) and the like. Further-

40 more, for the amplification of gene copy number in the

host cell system, expression vectors can include, as

selectable markers, the aminoglycoside transferase

(APH) gene, the thymidine kinase (TK) gene, E. cpJi

xanthine guaninephosphoribosyl transferase (Ecogpt)

45 gene, the dihydrofolate reductase (dhfr) gene and the

like.

[0048] For the production of proteins for use in the

present invention, any production system can be used.

The production system of protein preparation comprises

so the in vitro or the in vivo production system. As the in

vitro production system, there can be mentioned a pro-

duction system which employs eukaryotic cells and the

production system which employs prokaryotic cells.

[0049] When the eukaryotic cells are used, there

55 are the production systems which employ animal.cells,

plant cells, and fungal ceils. Known animal cells include

(1) mammalian cells such as CHO cells (J. Exp. Med.

(1995) 108, 945), COS cells, myeloma cells, baby ham-

6
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ster kidney (BHK) cells, HeLa cells, and Vero cells, (2)

amphibian cells such as Xenopus oocytes (Valle, et al.,

Nature (1 981) 291 ,
358-340), or (3) insect cells such as

sf9, sf21, and Tn5. As the CHO cells, dhfr-CHO (Proc.

Natl. Acad. Sci. U.S.A. (196B) 77, 4216-4220), a CHO
cell that is deficient in the DHFR gene, and CHO K-1

(Proc. Natl. Acad. Sci. U.S.A. (1968) 60, 1275) can be

preferably used.

[0050] Known plant cells include, for example,

those derived from Nicotiana tabacum . which is sub-

jected to callus culture. Known fungal cells include

yeasts such as the genus Saccharomvces . more specif-

ically Saccharomvces cereviceae. or filamentous fungi

such as the genus Aspergillus , more specifically

Aspergillus niger.

[0051] When the prokaryotic cells are used, there

are the production systems which employ bacterial

cells. Known bacterial cells include Escherichia ccJi (EL

cpji), and Bacillus subtilis ,

[0052] By transforming these cells with a desired

DNA and culturing the transformed cells in vitro, pro-

teins can be obtained. Culturing may be conducted in

the known methods. For example, as the culture liquid,

DMEM, MEM, RPMI1640, and IMDM can be used, and

serum supplements such as fetal calf serum (FCS) may

be used in combination, or serum-free medium can be

used. pH during the culture is preferably about 6 to 8.

Culture is usually carried out at 30 to 40°C for about 15

to 200 hours with, as desired, medium change, aera-

tion, and agitation.

[0053] On the other hand, as in vivo production sys-

tems, there can be mentioned those which employ ani-

mals and those which employ plants. DNA of interest is

introduced into these animals or plants, and the proteins

are produced in such animals or plants, and recovered.

[0054] When animals are used, there are the pro-

duction systems which employ mammals and insects.

[0055] As mammals, goat, pigs, sheep, mice, and

cattle can be used (Vicki Glaser, SPECTRUM Biotech-

nology Applications, 1993). When mammals are used,

transgenic animals can be used.

[0056] For example, the DNA of interest is inserted

into the middle of the gene encoding a protein which is

inherently produced in the milk such as goat p casein to

prepare fusion genes. A DNA fragment containing a

fusion gene into which the DNA of interest has been

inserted is injected into a goat embryo, and the embryo

is introduced into a female goat. The protein is obtained

from the milk produced by the transgenic goat borne to

the goat who received the embryo or offspring thereof.

In order to increase the amount of milk containing the

protein produced by the transgenic goat, hormones may

be given to the transgenic goat as appropriate. (Ebert,

K.M. et al., Bio/Technology (1994) 12, 699-702).

[0057] As an insect, silkworms may be used. When
silkworms are used, baculovirus into which the DNA of

interest has been inserted is infected to the silkworm,

and the desired protein can be obtained from the body

fluid of the silkworm (Susumu, M. et al., Nature (1985)

315, 592-594).

[0058] Moreover, when plants are used, tabacco,

for example, can be used. When tabacco is used, the

5 DNA of interest is inserted into an expression vector for

plant, for example pMON 530, and then the vector is

introduced into a bacterium such as Aprobacterium

tumefaciens . The bacterium is then infected to tobacco

such as Nicotiana tabacum to obtain the desired protein

io from the leaves of the tabacco (Julian, K.-C. Ma et al.,

Eur. J. Immunol. (1994) 24, 131-138).

[0059] As methods of introducing an expression

vector into a host, there can be used a known method

such as the calcium phosphate method (Virolgoy (1 973)

75 52, 456-467), the electroporation method (EMBO J.

(1982) 1, 841-845), and the like. Considering the fre-

quency of use of the host's codon for use in the present

invention, a sequence having a better efficiency of

expression can be designed (Grantham, R. et al.,

20 Nucleic Acids Research (1981 ) 9, r43-r74).

[0060] The gene is introduced as described above

into these animals or plants, and protein is produced in

the body of the animals or the plants and recovered.

Protein expressed and produced as described above

25 can be separated from the inside or outside of the host

cell and then may be purified to homogeneity. Separa-

tion and purification of the antibody for use in the

present invention may be accomplished by, but this is

not limited to, the separation and the purification meth-

30 ods conventionally used for protein purification.

[0061] Proteins can be separated and purified by

selecting and combining, as appropriate, methods

including, but not limited to, chromatography columns

such as affinity chromatography, filtration, ultrafiltration,

as salting-out, dialysis, SDS-polyacrylamide gel electro-

phoresis, isoelectric focusing, and the like (Shinseika-

gaku Jikken Koza I [A New Course in Experimental

Biochemistry I], 1990, Tokyo Kagaku Dojin).

[0062] As chromatography, there may be men-

40 tioned, for example, affinity chromatography, ion

exchange chromatography, hydrophobic chromatogra-

phy, gel-filtration, reverse phase chromatography,

adsorption chromatography, and the like (Strategies for

Protein Purification and Characterization: A Laboratory

45 Course Manual. Ed Daniel R. Marshak et al., Cold

Spring Harbor Laboratory Press, 1986). These chroma-

tographies can be carried out using a liquid chromatog-

raphy such as HPLC and FPLC.

[0063] Proteins can be determined using a known

so method. For example, measurement of absorbance or

the Bradford method can be used.

[0064] The present invention relates to an immuno-

chemical assay for anti-HM1.24 antibody, said method

comprising reacting soluble HM1 .24 antigen protein and

55 anti-HM1.24 antibody contained in a test sample, and

then detecting or measuring the anti-HM1.24 antibody

bound to the soluble HM1.24 antigen protein; and

7
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an immunochemical assay for soluble HM1 .24 anti-

gen protein, said method comprising reacting anti-

HM1.24 antibody and soluble HM1.24 antigen pro-

tein contained in a test sample, and then detecting

or determining the soluble HM1.24 antigen protein

bound to the anti-HM1.24 antibody.

[0065] The immunochemical assay for use in the

present invention may be conducted as an in vitro assay

system.

[0066] The in vitro assay system may be conducted

in a non-cellular system. Specifically, soluble HM1.24

antigen protein is immobilized to a support, to which

protein is added a test sample containing anti-HM1.24

antibody, and the support is incubated and then washed

followed by detection or measurement of binding of the

anti-HM1.24 antibody to the soluble HM1.24 antigen

protein immobilized to the support. Alternatively, anti-

HM1.24 antibody is immobilized to a support, to which a

test sample containing soluble HM1.24 antigen protein

is added. After incubation and washing, the binding of

the soluble HM1.24 antigen protein to the anti-HM1.24

antibody immobilized to the support may be detected or

measured.

[0067] Soluble HM1.24 antigen protein or anti-

HM1.24 antibody may be a protein produced by cells

that inherently express them, cells into which DNA
encoding it has been introduced, or animals or plants

into which DNA encoding it has been introduced, which

protein may be used in a purified or crude-purified form.

[0068] One of the purified or crude-purified soluble

HM1.24 antigen protein or anti-HM1 .24 antibody is

allowed to.be immobilized to the support. The protein

may be immobilized onto the support by a standard

method in biding proteins to supports. As supports to

which proteins are bound, there may be mentioned, for

example, insoluble polysaccharides such as agarose,

dextran, cellulose, synthetic resin such as polystyrene,

polyacrylamide and silicone.

[0069] More specifically, commercially available

beads, or a plate, that are produced using the above as

a raw material are used. In the case of beads, there may
be used columns that are packed with them. In the case

of plates, there may be mentioned multi-well plates (96-

well multi-well plates, etc.) or biosensor chips.

[0070] Immobilization between proteins and sup-

ports may be effected using conventionally known

methods such as chemical bonding and physical

adsorption. Alternatively, it is be possible to bind an anti-

body that specifically recognizes the protein to a sup-

port in advance so that the antibody and the protein

become joined. Furthermore, avidin/biotin can also be

bound.

[0071] The binding between soluble HM1.24 anti-

gen protein and anti-HM1.24 antibody may usually be

effected in a buffer solution. As buffer solutions, for

example, phosphate buffers, Tris buffers and the like

may be used. Incubation conditions may be any condi-

tions that are commonly used, including the incubation

at 4°C to room temperature for 1 hour to 24 hours.

Washing after the incubation may be effected in any

solution that does not prevent binding between soluble

5 HM1.24 antigen protein and anti-HM1.24 antibody

including, for example, a buffer solution containing a

surfactant. As surfactants, 0.05% Tween 20 may be

used.

[0072] Test samples that contain soluble HM1.24
w antigen protein or anti-HM1.24 antibody include, for

example, human fluids (blood, serum, urine, synovial

fluids, etc.), culture supernatants of cells, animal secre-

tions (milk etc.), and pharmaceutical formulations.

[0073] When the binding of anti-HM1 .24 antibody or

15 soluble HM1 .24 antigen protein to soluble HM1 .24 anti-

gen protein or anti-HM1.24 antibody is detected or

measured, they are incubated and washed under an

appropriate condition to separate the specific binding

from the non-specific binding. Then the status of binding

20 of soluble HM1.24 antigen protein and anti-HM1.24

antibody can be evaluated.

[0074] In the immunochemical assay of the present

invention, control groups can be set up together with the

group in which the test samples are contacted to the

25 proteins. As a control group, the negative control group

having no test samples, the positive control group hav-

ing a standard of soluble HM1.24 antigen protein or

anti-HM1 .24 antibody, or both of the groups can be set

up.

30 [0075] In accordance with the immunochemical

assay of the present invention, the bound protein can be

detected, or the bound protein may be measured in a
quantitative manner. In these cases, the result obtained

for the negative control group having no test samples,

35 the result obtained for the group having a test sample,

and/or the result obtained for the positive control group

having a standard of soluble HM1 .24 antigen protein or

anti-HM1 .24 antibody can be compared to detect bind-

ing between soluble HM1.24 antigen protein and anti-

40 HM1 .24 antibody.

[0076] Alternatively, these results may be obtained

in numerical values, which values may be compared to

quantify the soluble HM1.24 antigen protein or anti-

HM1.24 antibody contained in test samples. When
45 quantitative, determination is made, the numerical value

obtained with the negative control group having no test

sample and that obtained with the group in which a test

sample that contains soluble HM1 .24 antigen protein or

anti-HM1 .24 antibody was applied may be compared to

so quantify the amount of binding between soluble HMt .24

antigen protein and anti-HM1.24 antibody. If soluble

HM1 .24 antigen protein or anti-HMI .24 antibody is con-

tained in a test sample, soluble HM1.24 antigen protein

or anti-HM1.24 antibody would be detected or meas-

55 ured by the presence of the bound protein.

[0077] When quantitative determinations are also

made, quantitation may be made based on a standard

curve generated from the numerical values obtained

8
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with the positive control group containing known

amounts of soluble HM1.24 antigen protein or anti-

HM 1.24 antibody.

[0078] tn a immunochemical assay of the present

invention, biosensors may be used that utilize a surface s

plasmon resonance phenomenon as a means to detect

or measure soluble HM1.24 antigen protein or anti-

HM1.24 antibody in test samples. Biosensors that utilize

a surface plasmon resonance phenomenon permit a

real time observation of protein-protein interaction as a 10

surface plasmon resonance signal using and without

labeling a trace amount of protein (for example BIAcore;

manufactured by Pharmacia). Thus, by using biosen-

sors such as BIAcore, binding between soluble HM1 .24

antigen protein and anti-HM1 .24 antibody can be evalu- is

ated.

[0079] Specifically, by contacting a test sample con-

taining anti-HM1 .24 antibody or soluble HM1 .24 antigen

protein to a sensor chip on which is immobilized soluble

HM1.24 antigen protein or anti-HM1.24 antibody, anti- 20

HM1.24 antibody or soluble HM1.24 antigen protein

bound to soluble HM1.24 antigen protein or anti-

HM1.24 antibody can be detected or determined as

changes in resonance signals.

[0080] More specifically it may be carried out as fol- 25

lows. First a sensor chip CMS (Biosensor) is activated

and then soluble HM1.24 antigen protein or anti-

HM1 .24 antibody is immobilized thereon. Thus, after the

sensor chip is activated with an aqueous solution of

EDC/NHS (200 mM EDC (N-ethyl-N'-(3-dimethylamino- 30

propyl)carbonate, hydrochloride) and 50 mM NHS (N-

hydroxysuccinimide)), it is washed with an HBS buffer

(10 mM HEPES, pH 7.4, 150 mM NaCI, 3.4 mM EDTA,

0.05% Tween 20).

[0081] Then a test sample containing an appropri- 35

ate amount of anti-HM1,24 antibody or soluble HM1 .24

antigen protein dissolved in the HBS buffer is contacted

to the sensor chip and immobilized thereon. After wash-

ing the sensor chip with the HBS buffer, active groups

remaining on the sensor chip are blocked with an eth- 40

anolamine solution (1M ethanolamine hydrochloride,

pH 8.5). The sensor chip is washed again with the HBS
buffer for use in the evaluation of binding.

[0082] Then an appropriate amount of test sample

containing anti-HM1.24 antibody or soluble HM1.24 45

antigen protein dissolved in the HBS buffer is injected,

whereupon the amount of anti-HM1 .24 antibody or the

soluble HM1 2.4 antigen protein that is bound to the sol-

uble HM1.24 antigen protein or the anti-HM1.24 anti-

body immobilized on the sensor chip is observed as an so

increment in the value of resonance signal.

[0083] Furthermore, control groups may be set up

together with test samples. AS control groups, the neg-

ative control group having no test samples, the positive

control group having a known amount of soluble ss

HM1.24 antigen protein or anti-HM1.24 antibody, or

both of the groups can be set up. The bound protein can

be quantitatively determined as a change in the value of

resonance signal. In these cases, the result obtained for

the negative control group having no test samples, the

result obtained for the group having a test sample,

and/or the result obtained for the positive control group

having a known amount of soluble HM1 .24 antigen pro-

tein or anti-HMI .24 antibody can be compared to detect

or determine the protein of interest.

[0084] As a means of detecting or determining the

bound protein in the test sample in the immunochemical

assay of the present invention, a primary antibody that

specifically recognizes soluble HM1-24 antigen protein

or anti-HM1 .24 antibody can be used.

[0085] For example, a test sample is contacted to

soluble HM1.24 antigen protein or anti-HM1.24 anti-

body, and after washing, the bound protein is detected

or determined by means of a primary antibody that spe-

cifically recognizes the protein. Thus, preferably, to one

protein that has been bound to a support is contacted a

test sample containing the other protein. After incubat-

ing and washing, the bound protein can be detected or

determined by a primary antibody that specifically rec-

ognizes the protein. The primary antibody is preferably

labeled with a labeled substance.

[0086] Soluble HM1.24 antigen protein may be

fused to another peptide or polypeptide. Thus, in order

to detect soluble HM1.24 antigen protein contained in

the test sample, anti-HM1 .24 antibody can be used, or

antibody to another peptide or polypeptide fused to sol-

uble HM1.24 antigen protein can be used. Alternatively,

in order to detect anti-HM1 .24 antibody contained in the

test sample, antibody that specifically recognizes anti-

HMI.24 antibody can be used. When anti-HM1.24 anti-

body is a mouse antibody, anti-mouse immunoglobulin

antibody can be used as an antibody that specifically

recognizes anti-HM1.24 antibody. Alternatively, when
anti-HM1.24 antibody is a chimeric antibody or a

humanized antibody, anti-human immunoglobulin anti-

body can be used as an antibody that specifically recog-

nizes anti-HM1.24 antibody.

[0087] Protein can be labeled by commonly known
methods. As labels, there may be used, for example,

radioisotopes, enzymes, fluorescent substances,

biotin/avidin, and the like. These labels may be com-
mercially available. As radioisotopes, there may be
mentioned, for example, 32

P, ^P, 131
1,

125
l,
3H, 14

C, and
35

S. As enzymes, there may be mentioned, for example,

alkaline phosphatase, horseradish peroxidase, p-galac-

tosidase, P-glucosidase, and the like. As fluorescent

substances, there may be mentioned, for example, fluo-

rescein isocyanate (FITC) and rhodamine. These are

commercially available and may be labeled by known
methods.

[0088] Specifically, the following procedure may be

used. Thus, a solution containing soluble HM1.24 anti-

gen protein or anti-HM1 .24 antibody is added to a plate,

which is then allowed to stand overnight to effect immo-
bilization. When soluble HM1.24 antigen protein or anti-

HMI.24 antibody is immobilized, antibody against each

9
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of them may be immobilized in advance, and then solu-

ble HM1.24 antigen protein or anti-HM1 .24 antibody

may be bound to the immobilized antibody. After wash-

ing the plate, it is blocked with, for example, BSA to pre-

vent non-specific binding of proteins. The plate is 5

washed again, and a test sample containing anti-

HM1.24 antibody or soluble HM1.24 antigen protein is

added to the plate. At the same time, a group (the neg-

ative control) containing no test samples and/or a group

(the positive control) to which a known concentration of 70

anti-HM1.24 antibody or soluble HM1.24 antigen pro-

tein has been added are set up and incubated.

[0089] After incubation, it is washed and antibody

against the test sample is added. After appropriate incu-

bation, the plate is washed and the protein is detected 75

or measured by a primary antibody that specifically rec-

ognizes the protein. For the detection or measurement,

in the case of a radioisotope, liquid scintillation is used.

In the case of an enzyme, the substrate is added and an

enzymatic change, for example color development of 20

the substrate, is detected or measured. In the case of a

fluorogenic substance, a fluorospectrophotometer is

used for detection or measurement. Comparison of

these results with the numerical value obtained for the

control group permits the identification of the test sam- 25

pie containing the inhibiting substance.

[0090] As a means of detecting or measuring solu-

ble HM1.24 antigen protein or anti-HM1 .24 antibody in

the test sample, a primary antibody that specifically rec-

ognizes soluble HM1 .24 antigen protein or anti-HM1 .24 30

antibody or a second antibody that specifically recog-

nizes the primary antibody may be used.

[0091] For example, in the above immunochemical

assay, a test sample is brought to contact with a soluble

HM1.24 antigen protein or anti-HM1.24 antibody, incu- 35

bated, washed, and then the bound protein is detected

or measured by means of a primary antibody that spe-

cifically recognizes the protein and a second antibody

that specifically recognizes the primary antibody. Thus,

specifically, soluble HM1.24 antigen protein or anti- 40

HM1.24 antibody is immobilized to a support, to which

is contacted the test sample. After incubating and wash-

ing, the bound protein may be detected or measured by

means of a primary antibody that specifically recog-

nizes the protein or a second antibody that specifically 45

recognizes the primary antibody. Preferably, the second

antibody is labeled with a label. The antibody can be

labeled by the above known methods.

[0092] Specifically, the following procedure may be

used. Thus, a solution containing soluble HM1.24 anti- so

gen protein or anti-HMI .24 antibody is added to a plate,

which is then allowed to stand overnight to effect immo-

bilization. When immobilized to the plate, antibody

against each of them may be immobilized in advance,

and then soluble HM1.24 antigen protein or anti- 55

HM1.24 antibody may be bound to the immobilized anti-

body. After washing the plate, tt is blocked with, for

example, BSA to prevent the non-specific binding of

proteins. The plate is washed again, and a test sample

is added to the plate. At the same time, a group (the

negative control) containing no test samples and/or a

group (the positive control) to which a known concentra-

tion of a anti-HM1.24 antibody or soluble HM1.24 anti-

gen protein has been added are set up and incubated.

[0093] After incubation, the plate is washed and a

primary antibody against anti-HM1 .24 antibody or solu-

ble HM1 .24 antigen protein contained in the test sample

is added. After appropriate incubation, the plate is

washed and a second antibody that specifically recog-

nizes the primary antibody is added. After appropriate

incubation, the plate is washed, and the protein is

detected or determined by a second antibody that spe-

cifically recognizes the primary antibody. For the detec-

tion or determination, in the case of a radioisotope,

liquid scintillation is used. In the case of an enzyme, the

substrate is added and an enzymatic change, for exam-

ple color development of the substrate, is detected or

measured. In the case of a fluorogenic substance, a
fluorospectrophotometer is used for detection or meas-

urement

[0094] Comparison of these results with the numer-

ical value obtained for the control group permits the

identification of a test sample containing inhibiting sub-

stances. Soluble HM1.24 antigen protein may be fused

to another peptide or polypeptide. Thus, as a primary

antibody for detecting soluble HM1.24 antigen protein

contained in the test sample, anti-HM1.24 antibody can

be used as a primary antibody, or antibody against

another peptide or polypeptide that is fused to soluble

HM1 .24 antigen protein can be used. Furthermore, anti-

body that specifically recognizes anti-HM1.24 antibody

can be used in order to detect anti-HM1.24 antibody

contained in the test sample.

[0095] When anti-HM1 .24 antibody is a mouse anti-

body, anti-mouse immunoglobulin antibody can be used

as an antibody that specifically recognizes anti-HM1 .24

antibody. Alternatively, when anti-HM1.24 antibody is a
chimeric antibody or a humanized antibody, anti-human

immunoglobulin antibody can be used as a primary anti-

body that specifically recognizes anti-HM1 .24 antibody.

Alternatively, antibody that specifically recognizes the

primary antibody can be used as a second antibody. For

example, when the primary antibody is a sheep anti-

body, anti-sheep immunoglobulin antibody can be used.

Alternatively, when the primary antibody is a rabbit anti-

body, anti-rabbit immunoglobulin antibody can be used.

[0096] More specifically, the present invention may
be conducted by, most specifically, an EUSA (enzyme-

linked immunosorbent assay). Thus, antibody against

HA (influenza agglutinin) fused to soluble HM1.24 anti-

gen protein is diluted in the immobilization buffer (0.1 M
NaHCOa , 0.02% NaN3 ,

pH 9.6). A suitable amount of

the aqueous solution that was diluted is added to each

well of a 96-well immunoplate (manufactured by Nunc),

which is then incubated overnight at 4°C to effect immo-

bilization.
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[0097] After each well is washed three times with

the wash buffer {prepared as 0.05% Tween 20 in PBS),

200 ml of a 5% solution of BSA (manufactured by

SIGMA) dissolved in PBS is added to block at room

temperature for 2 hours.

[0098] Then, each well is washed three times with

the wash buffer, and the soluble HM1 .24 antigen protein

fused to HA diluted with the dilution buffer (1% BSA,

0.5% Tween 20, PBS) is added thereto and incubated at

4°G^overnight to bind the anti-HA antibody and the sol-

uble HM1 .24 antigen protein fused to HA. After washing

three times with the wash buffer, a fixed amount of a test

sample containing chimeric anti-HM1.24 antibody hav-

ing the constant region (C region) of human IgG anti-

body is added, and incubated at room temperature for 1

hour.

[0099] Each well is washed three times with the

wash buffer, and 1 00 ul of alkaline phosphatase-labeled

goat anti-human IgG antibody (manufactured by IBI)

diluted 5000-fold in the dilution buffer is added to each

well and incubated at room temperature for one hour.

Each well is washed five times with the wash buffer, and

100 uJ of the color development solution (substrate

buffer; Sigma 104 dissolved to 1 mg/ml in 50 mM
NaHC03 , 10 mM MgCl2 ,

pH 9,8) is added to each well

and incubated at room temperature. Subsequently,

absorbance at 405 nm is measured using a microplate

reader (Model 3550, manufactured by BIO-RAD). Com-
parison of these results with the numerical value

obtained for the negative control group and/or the posi-

tive control group permits the detection or determination

of chimeric anti-HM1 .24 antibody. A similar manner can

also be used to detect or determine soluble HM1.24

antigen protein.

[0100] The screening method of the present inven-

tion may also be used for High Throughput Screening

(HTS). Specifically, steps up to the blocking may be con-

ducted manually, and the subsequent reactions can be

automated by robotization to realize High Throughput

Screening.

[0101] Thus, antibody against HA is diluted in the

immobilization buffer (0.1 M NaHC03 , 0.02% NaN3 ,
pH

9.6). A suitable amount of the aqueous solution that was
diluted to each well of a 96-well immunoplate (manufac-

tured by Nunc) is added and then incubated overnight at

4°C to effect immobilization.

[0102] After each well is washed three times with

the wash buffer (prepared to 0.05% Tween 20 in PBS),

200 \i\ of a 5% BSA solution (manufactured by SIGMA)
dissolved in PBS is added to block overnight at room

temperature. Subsequently, each well is washed three

times with the wash buffer, to which the soluble HM1 .24

antigen protein fused to HA diluted with the dilution

buffer (1% BSA, 0.5% Tween 20, PBS) is added and

incubated at 4°C overnight to bind anti-HA antibody and

the soluble HM1.24 antigen protein fused to HA.

[0103] Subsequently, the immunoplate is mounted

to, for example, the Biomek 2000 HTS system (manu-

factured by Beckman) and the control program of the

system is executed to add a test sample containing chi-

meric anti-HMI .24 antibody, a primary antibody against

chimeric anti-HM1.24 antibody, and a second antibody

s against the primary antibody

[0104] At this time the delivery of the solution to

each well of the immunoplate and the removal thereof

can be carried out using the Biomek 2000 dispenser

(manufactured by Beckman) or the Multtpipette 96-well

10 simultaneous dispenser (manufactured by Sagian) as a

dispensing instrument. Washing of each well of the

immunoplate can also be carried out using the EL404
microplate washer (Bio Tek). Measurement of absorb-

ance can be made using the SPECTRAmax250 plate

15 reader (manufactured by Molecular Devices).

[0105] The program is set so as to perform the fol-

lowing steps. Thus, each well is washed three times

with the wash buffer, an fixed amount of the test sample

and the test sample containing chimeric anti-HM1.24

20 antibody diluted in the dilution buffer (1% BSA, 0.5%
Tween 20, PBS) are added. At the same time, a group

(the negative control) containing no test samples and a

group (the positive control) to which a known concentra-

tion of chimeric anti-HMI.24 antibody has been added
25 are set up and incubated at room temperature for one

hour. Each well Is washed three times with the wash
buffer, 100 uJ of rabbit anti-human IgG antiserum (man-

ufactured by New England Biolabs) diluted 5000-fold in

the dilution buffer is added to each well, and incubated

30 at room temperature for one hour. Each well is washed
three times with the wash buffer, 1 00 uJ of alkaline phos-

phatase-labeled goat anti-rabbit IgG antibody (manu-

factured by TAGO) diluted 5000-fold in the dilution buffer

is added to each well, and incubated at room tempera-

35 ture for one hour.

[0106] Each well is then washed five times with the

wash buffer, 100 til of the color development solution

(substrate buffer; p-nitrophenyl phosphate dissolved to

1 mg/ml in 50 mM NaHC03 , 10 mM MgCI2 ,
pH 9,8,

40 manufactured by Sigma) is added to each well, and

incubated at room temperature. Subsequently, absorb-

ance at 405 nm is measured using a microplate reader,

the Biomek plate reader (manufactured by Beck-

man/Molecular Devices). Comparison of these results

45 with the numerical value obtained for the control group

permits the detection or determination of chimeric anti-

HM1 .24 antibody contained in the test sample. In a sim-

ilar manner, soluble HM1.24 antigen protein can also be
detected or determined.

so [0107] The immunochemical assay of the present

invention can measure soluble HM1.24 antigen protein

or anti-HM1.24 antibody up to a concentration of 500

pg/ml.

[0108] Antibodies for use in the present invention

55 may be those that are commercially available or that are

contained in commercially available kits, or they can be
obtained as monoclonal or polyclonal antibodies using

known methods.
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[0109] Monoclonal antibodies can be obtained by

using the desired sensitizing antigen, which is used in a

conventional method for immunization, by fusing the

immune cells thus obtained with known parent cells,

and screening monoclonal antibody-producing cells

using a known screening method.

[0110] Specifically, monoclonal or polyclonal anti-

bodies may be generated as follows.

[0111] Though the sensitizing antigen for genera-

tion of antibodies is not limited by the animal species

from which the antibodies are obtained, it is preferably

derived from a mammal from which peptides or proteins

actually used in the present invention are derived, such

as humans, mice, or rats. Among them, sensitizing anti-

gens derived from humans are preferred. When, for

example, a human soluble HM1.24 antigen protein is

used as the sensitizing antigen, the nucleotide

sequence and the amino acid sequence thereof can be

obtained using the gene sequence disclosed in the

present invention. Furthermore, when other peptides or

proteins that are subjected to fusion to soluble HM1.24

antigen protein are used as the sensitizing antigen, the

peptides and the proteins can be chemically synthe-

sized or can be obtained using genetic engineering

technology.

[0112] Peptides or proteins that are used as the

sensitizing antigen may be full-length or fragments

thereof. As fragments, for example, C-terminal frag-

ments or N-terminal fragments may be mentioned.

Alternatively, it is possible to use, as the sensitizing anti-

gen, cells that express proteins, peptides, or polypep-

tides used as the sensitizing antigen.

[0113] The mammals to be immunized with the sen-

sitizing antigen are not specifically limited, and they are

preferably selected in consideration of their compatibil-

ity with the parent cell for use in cell fusion. They gener-

ally include rodents, lagomorphs, and primates.

[0114] Rodents include, for example, mice, rats,

hamsters, and the like. Lagomorphs include, for exam-

ple, rabbits. Primates include, for example, monkeys. As

monkeys, catarrhines (Old-World monkeys) such as

cynomolgi (crab-eating macaque), rhesus monkeys,

sacred baboons, chimpanzees etc. are used.

[0115] Immunization of animals with a sensitizing

antigen is carried out using a known method. A general

method, for example, involves the intraperitoneal or

subcutaneous administration of a sensitizing antigen to

the mammal. Specifically, a sensitizing antigen which

has been diluted and suspended in an appropriate

amount of phosphate buffered saline (PBS) or physio-

logical saline etc. is mixed, as desired, with an appropri-

ate amount of a common adjuvant, for example

Freund's complete adjuvant. After being emulsified, it is

preferably administered to the mammal for several times

every 4 to 21 days. Alternatively a suitable carrier may
be used at the time of immunization of the sensitizing

antigen. After such immunization, the increase in the

desired antibody levels in the serum is confirmed by a

conventional method.

[0116] In order to obtain polyclonal antibodies, the

blood of mammal that was sensitized with an antigen is

removed after the increase in desired antibody levels in

s the serum has been confirmed. Serum is separated

from the blood. As polyclonal antibodies, serum con-

taining the polyclonal antibodies may be used, or, as

desired, the fraction containing the polyclonal antibod-

ies may be isolated from the serum.

io [0117] In order to obtain a monoclonal antibody,

immune cells of mammal that was sensitized with an

antigen are removed and are subjected to cell fusion

after the increase in the desired antibody levels in the

serum has been confirmed. At this time preferred

is immune cells that are subjected to cell fusion include, in

particular, the spleen cells.

[0118] The mammalian myeloma cells as the other

parent cells, which are subjected to cell fusion with the

above-mentioned immune cells, preferably include vari-

20 ous known cell lines such as P3 (P3X63Ag8.653) (Kear-

ney J. F. et al., J. Immunol. (1979) 123: 1548-1550),

P3X63Ag8.U1 (Yelton, D. E., et al., Current Topics in

Microbiology and Immunology (1978) 81: 1-7), NS-1

(Kohler, G. and Milstein, C, Eur. J. Immunol. (1976) 6:

25 511-519), MPC-1 1 (Margulies, D.H. et al., Cell (1976) 8:

405-415), SP2/0 (Shulman, M. et al., Nature (1978)

276: 269-270), FO (de St. Groth, S. F. and Scheidegger,

D., J. Immunol. Methods (1980) 35: 1-21), S194 (Trow-

bridge, I. S., J. Exp. Med. (1978) 148: 313-323), R210
30 (Galfre, G. et al., Nature (1979) 277: 131-133) and the

like.

[0119] Cell fusion between the above immune cells

and the myeloma cells may be essentially conducted in

accordance with a known method such as is described

as in Milstein et al. (Kohler, G. and Milstein, C, Methods

Enzymol. (1981) 73: 3-46) and the like.

[0120] More specifically, the above cell fusion is

carried out in a conventional nutrient broth in the pres-

ence of, for example, a cell fusion accelerator. As the

40 cell fusion accelerator, for example, polyethylene glycol

(PEG), Sendai virus (HVJ) and the like may be used,

and, in addition, an adjuvant such as dimethyl sulfoxide

etc. may be added as desired to enhance efficiency of

the fusion.

45 [0121] The preferred ratio of the immune cells to the

myeloma cells to be used is, for example, 1 to 1 0 times

more immune cells than the myeloma cells. Examples

of culture media to be used for the above cell fusion

include RPMI1640 medium and MEM culture medium
so suitable for the growth of the above myeloma cell lines,

and the conventional culture medium used for this type

of cell culture, and besides a serum supplement such as

fetal calf serum (FCS) may be added.

[0122] In cell fusion, predetermined amounts of the

55 above immune cells and the myeloma cells are mixed

well in the above culture liquid, to which a PEG solution

previously heated to about 37°C, for example a PEG
solution with a mean molecular weight of about 1 000 to

12
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6000, is added at a concentration of 30 to 60% (w/v),

and mixed to obtain the desired fusion cells (hybrido-

mas). Then by repeating the sequential addition of a

suitable culture medium and centrifugation to remove

the supernatant, cell fusion agents etc. which are unde-

sirable for the growth of the hybridoma can be removed.

[0123] Said hybridoma is selected by culturing in a

conventional selection medium, for example, HAT cul-

ture medium (a culture liquid containing hypoxanthine,

arrrinopterin, and thymidine). Culturing in said HAT cul-

ture medium is continued, generally, for a period of time

sufficient to effect killing of the cells other than the

desired hybridoma (non-fusion cells), generally several

days to several weeks. Then, the conventional limiting

dilution method is conducted in which the hybridomas

that produce the desired antibody are selected and

cloned.

[0124] In addition to obtaining the above hybridoma

by immunizing an animal other than human with an anti-

gen, it is also possible to sensitize human lymphocytes

infected with, for example, EB virus with a peptide or

protein, cells expressing them, or their lysates in vitro,

and to allow the resulting sensitized lymphocytes to be

fused with a human-derived myeloma cell having a per-

manent division potential, for example U266, and

thereby to obtain a hybridoma producing a desired

human antibody having an activity of binding the pep-

tide or the protein (see Japanese Unexamined Patent

Publication (Kokai) No. 63-17688).

[0125] Furthermore, a transgenic animal having a

repertoire of human antibody genes is immunized with

an antigen peptide or protein, cells expressing them or

lysates thereof to obtain the antibody-producing cells,

which are used to obtain human antibody against the

peptide or protein for use in the present invention using

hybridomas fused to myeloma cells (see International

Patent Application WO 92-0391 8, WO 93-2227, WO 94-

02602. WO 94-25585, WO 96-33735 and WO 96-

34096).

[0126] The monoclonal antibody-producing hybrid-

omas thus constructed can be subcultured in a conven-

tional culture medium, or can be stored for a prolonged

period of time in liquid nitrogen.

[0127] In order to obtain monoclonal antibodies

from said hybridoma, there may be employed a method

in which said hybridoma is cultured in a conventional

method and antibodies are obtained in the culture

supernatant, or a method in which the hybridoma is

administered to and grown in a mammal compatible

with said hybridoma and antibodies are obtained in the

ascites. The former method is suitable for obtaining

high-purity antibodies, whereas the latter is suitable tor

a large scale production of antibodies.

[0128] In addition to using a hybridoma to produce

antibody, immune cells that produce the desired anti-

body, for example the sensitized lymphocytes that have

been immortalized with an oncogene, may be used to

obtain antibody.

[0129] A monoclonal antibody thus produced can

also be obtained as a recombinant antibody by recom-

binant gene technology. For example, an antibody gene

may be cloned from a hybridoma or an immune cell

5 such as sensitized lymphocytes that produce antibod-

ies, and is integrated into a suitable vector which is then

introduced into a host to produce said antibody. Recom-

binant antibodies may also be used in the present

invention (see, for example, Borrebaeck, C.A.K., and

w Larrick, J. W., THERAPEUTIC MONOCLONAL ANTI-

BODIES, published in the United Kingdom by MACMIL-

LAN PUBLISHERS LTD. 1990).

[0130] Antibodies for use in the present invention

may be antibody fragments or modified versions thereof

is as long as they have the desired binding activity. For

example, as fragments of antibody, there may be men-

tioned Fab, F(ab')2 , Fv or single-chain Fv (scFv) in

which Fv or Fv*s of the H chain and the L chain were

ligated via a suitable linker. Specifically, antibodies are

20 treated with an enzyme such as papain or pepsin, to

produce antibody fragments, or genes encoding these

antibody fragments are constructed and then intro-

duced into an expression vector, which is expressed in

a suitable host cell (see, for example, Co, M. S. et al., J.

25 Immunol. (1994) 152, 2968-2976; Better, M. and Hor-

witz, A.H., Methods in Enzymology (1989) 178, 476-

496; Plucktrun, A. and Skerra, A., Methods in Enzymol.

(1989) 178, 497-515; Lamoyi, E., Methods in Enzymol.

(1986) 121, 652-663; Rousseaux, J. et al., Methods in

30 Enzymol. (1986) 121, 663-669; Bird, R.E. and Walker,

B.W., Trends Biotechnol. (1991) 9, 132-137). Chimeric

antibody or humanized antibody produced by known

methods can be used in the present invention.

[0131] Antibodies produced and expressed by the

35 immunochemical assay of the present invention may be

any of the above antibodies, such as antibody produced

by a hybridoma, recombinant antibody, chimeric anti-

body, and humanized antibody.

[0132] Antibodies that were expressed and pro-

40 duced as described above can be separated from the

inside or outside of the host cell and then may be puri-

fied to homogeneity. Separation and purification of the

antibody for use in the present invention may be accom-

plished by, but is not limited to, the separation and the

45 purification methods conventionally used for protein.

[0133] These methods include chromatography col-

umns such as affinity chromatography, filtration, ultrafil-

tration, salting-out, dialysis, SDS polyacrylamide gel

electrophoresis, isoelectric focusing, and the like, from

so which methods can be selected and combined as

appropriate for separation and purification of antibodies

(Antibodies: A Laboratory Manual, Ed Harlow and David

Lane, Cold Spring Harbor Laboratory, 1 988).

[0134] As columns for use in affinity chromatogra-

55 phy, there can be mentioned Protein A column and Pro-

tein G column. Examples of the columns used in the

Protein A column are Hyper D, POROS, Sepharose F. F.

(Pharmacia) and the like.
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[0135] As chromatography other than the above-

mentioned affinity chromatography, there can be men-

tioned, for example, ion exchange chromatography,

hydrophobic chromatography, gel-filtration , reverse

phase chromatography, adsorption chromatography,

and the like (Strategies for Protein Purification and

Characterization: A Laboratory Course Manual, Ed

Daniel R. Marshak at al., Cold Spring Harbor Labora-

tory Press, 1986). These chromatographies can be car-

ried out using a liquid chromatography such as HPLC
and FPLC.

[0136] The concentration measurement and activity

confirmation of the antibody obtained as above can be

made by known methods such as enzyme-linked immu-

nosorbent assay (ELiSA), enzymeimmunoassay (EIA),

radioimmunoassay (RIA), or fluorescent antibody assay.

[0137] Hybridoma HM1.24 that produces anti-

HM1.24 antibody has been internationally deposited

under the provisions of the Budapest Treaty on Septem-

ber 14, 1995, with the National Institute of Bioscience

and Human Technology, Agency of Industrial Science

and Technology, of 1-3, Higashi 1-chome, Tsukuba-shi,

Ibaraki pret., Japan, as FERM BP-5233.

Examples

[0138] The present invention will now be explained,

in more detail, with reference to the examples. It should

be noted, however, that the present invention is not lim-

ited tojhe Examples in any way.

Example 1. Construction of a vector expressing FLAG-
tagged soluble HM1.24 antigen

[0139] A HEF expression vector (International Pat-

ent Application WO 92-19759) prepared by digesting

with EcoRI (manufactured by Takara Shuzo) and Notl

(manufactured by Takara Shuzo) and a gene pair

encoding immunoglobulin (Ig) leader sequence and a

FLAG tag (manufactured by Sawady Technology) were

reacted and ligated at 16°C for 3 hours in a reaction

mixture containing 50 mM Tris-HCI, pH 7.6, 10 mM
MgCI2 , 10 mM dithiothreitol, 1 mMTP, 50 mg/ml polyeth-

ylene glycol and 1 unit of T4 DNA ligase (manufactured

by GIBCO-BRL).

[0140] The gene encoding the inserted Ig leader

sequence and the FLAG tag was a synthetic gene pair

shown in SEQ ID NO: 12 and 13 in which EcoRI, Kpnl

(manufactured by Takara Shuzo) and Notl restriction

enzyme recognition sites were connected as linkers.

The ligation mixture was then added to competent ceils

of Escherichia coli DH5a (manufactured by GIBCO-
BRL), which was allowed to stand for 30 minutes on ice,

for 1 minute at 42°C, and again for 1 minute on ice.

[0141] Subsequently, 400 uJ of the 2xYT medium
(Molecular Cloning: A Laboratory Manual, Sambrook et

al., Cold Spring Harbor Laboratory Press, (1989)) was
added thereto, incubated at 37°C for one hour, and then

the E. cpjj was plated on a 2xYT agar medium (Molecu-

lar Cloning: A Laboratory Manual, Sambrook et al., Cold

Spring Harbor Laboratory Press, (1989)) containing 50

\ig/m\ of ampicillin, and then incubated overnight at

5 37°C to obtain an E± colt transformant. The transformant

was cultured overnight at 37°C in the 2xYT medium
containing 50 jig/ml of ampicillin, and then from this cul-

ture, plasmid DNA was prepared using the alkali

method (Molecular Cloning: A Laboratory Manual, Sam-

10 brook et al., Cold Spring Harbor Laboratory Press,

(1989)).

[0142] On the other hand, a gene for the extracellu-

lar region of HM1 .24 antigen was amplified by the PCR
method using the Thermal Cycler (manufactured by

75 Perkin Elmer Cetus). Using the cDNA of HM1.24 anti-

gen as a template, a mixture containing 100 pmole of

primers shown in SEQ ID NOs: 9 to 1 0, 1 0 mM Tris-HCI,

pH 8.3, 50 mM KCI, 0.1 mM dNTPs (dATP, dGTP, dCTP,

dTTP), 1.5 mM MgCI2 , and 5 units of DNA polymerase

20 Ampli Taq (manufactured by Perkin Elmer Cetus) was
first denatured at 94°C, and then was subjected to 30

cycles of 94°C for 1 minute, 55°C for 1 minute, and 72°C
for 1 minute, and finally incubated at 72°C for 1 0 min-

utes.

25 [0143] The PCR product as the gene in the extra-

cellular region of HM1.24 antigen was reacted and

ligated to the above plasmid DNA digested with Kpnl

and BamHI in a reaction mixture containing 50 mM Tris-

HCI, pH 7.6, 10 mM MgCI2( 10 mM dithiothreitol, 1 mM
30 ATP, 50 mg/ml polyethylene glycol and one unit of T4

DNA ligase (manufactured by GIBCO-BRL) at 16°C for

3 hours. Similarly to the above, the ligation mixture was
added to the competent cells of Escherichia coli DH5a,

and an epJi transformant was obtained, from which

35 plasmid DNA was prepared.

[0144] This plasmid DNA was used as a FLAG-
tagged soluble antigen expression plasmid and was
designated as pSFHM1.24. The sequencing of the

nucleotide sequence thereof was carried out using an

40 automatic DNA sequencer (manufactured by Applied

Biosystem Inc.) and the Taq Dye Terminator Cycle

Sequencing Kit (manufactured by Applied Biosystem

Inc.) according to the protocol indicated by the manufac-

turer. As a result, a structure was confirmed that permits

45 the expression of a fusion protein (SEQ ID NO: 2) in

which the soluble antigen is connected to the tag pep-

tide of FLAG.

Example 2. Construction of HA-tagged soluble antigen

so expression plasmid

[0145] Using FLAG-tagged soluble antigen expres-

sion plasmid, HA-tagged soluble antigen expression

plasmid was constructed.

55 [01 46] First, a gene encoding the epitope of hemag-
glutinin was inserted to a Bluescript SK-vector (Molecu-

lar Cloning: A Laboratory Manual, Sambrook et al., Cold

Spring Harbor Laboratory Press, (1989)) containing the

14
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cytomegalovirus (CMV) promoter/enhancer, the neomy-

cin resistant gene, the dihydrofolate reductase (DHFR)

gene, and a leader sequence.

[0147] The gene encoding the epitope of hemag-

glutinin (amino acid sequence: YPYDVPDYA) used was
a synthetic DNA pair (manufactured by Scimedia) in

which Dralll and Kpnl restriction enzyme recognition

sites were connected as linkers (SEQ ID NO: 14 and

15).

[0148] Then, one uJ of the ligation mixture was
added to 100 \i\ of competent cells of E. coj JM109
(manufactured by Nippon Gene), which was then

allowed to stand on ice for 30 minutes, at 42°C for 1

minute, and again on ice for 1 minute. Subsequently

400 \i\ of the SOC medium (Molecular Cloning: A Labo-

ratory Manual, Sambrook et al., Cold Spring Harbor

Laboratory Press, (1989)) was added, incubated at

37°C for one hour, and then JL cpji was plated on the

2xYT agar medium (Molecular Cloning: A Laboratory

Manual, Sambrook et at., Cold Spring Harbor Labora-

tory Press, (1989)) containing 50 u.g/ml of ampiciHin,

and then incubated overnight at 37°C to obtain an EL

coli transformant.

[0149] Twenty uJ of a mixture containing 10 mM
Tris-HCI, pH 8.3, 50 mM KCI, 0.1 mM dNTPs, 100

pmole each of the primers shown in SEQ ID NO: 7-8, 5

units of Ampli Taq enzyme, and the above transformant

as a template was subjected to 25 cycles of incubation

at 94°C for 30 seconds, 55°C for 30 seconds, and 72°C
for 30 seconds. An JL coli transformant whose PCR
product is 220 bp was selected by a 4% agarose gel

electrophoresis. The £, coji transformant was cultured

overnight at 37°C in 300 ml of a LB medium (Molecular

Cloning: A Laboratory Manual, Sambrook et al., Cold

Spring Harbor Laboratory Press, (1989)) containing 1 00

jig/ml of ampicillin. From this culture, plasmid DNA was
prepared by the alkali method (Molecular Cloning: A
Laboratory Manual, Sambrook et al., Cold Spring Har-

bor Laboratory Press, (1989)). The plasmid containing

the gene encoding the epitope tag of hemagglutinin

thus prepared was designated as CGM/HA.
[0150] On the other hand, the soluble HM1.24 anti-

gen gene (sHM) used was obtained from pSFHM1.24.

The soluble antigen was prepared from 5 up; of

pSFHM1.24 and BamHI-digested reaction mixture by

purifying a 410 bp fragment using 1% agarose gel.

[0151] Subsequently, sHM was inserted into

CGM/HA. After digesting CGM/HA with Kpnl and

BamHI, it was reacted in a reaction mixture containing

50 mM Tris-HCI, pH 9.0, 1 mM MgCI2 , and 2 units of

alkaline phosphatase (E. con C75)(manufactured by

Takara Shuzo) at 65°C for 15 minutes and was dephos-

phorylated. 100 ng of the dephosphorylated CGM/HA
and sHM were reacted In a reaction mixture containing

5 uJ of DNA ligation kit Ver. 2 (manufactured by Takara

Shuzo) I solution at 16°C for 1 hour and were ligated.

[0152] Then, 1 uJ of the ligation mixture was added

to 100 uJ of the competent cells of £L cpj JM1 09 (man-

ufactured by Nippon Gene), which was then allowed to

stand on ice for 30 minutes, at 42°C for 1 minute, and

again on ice for 1 minute. Subsequently, 400 uJ of the

SOC medium (Molecular Cloning: A Laboratory Manual,

5 Sambrook et al., Cold Spring Harbor Laboratory Press,

(1989)) was added, incubated at 37°C for one hour, and

then the Ex cpj was plated on the 2xYT agar medium
(Molecular Cloning: A Laboratory Manual, Sambrook et

al., Cold Spring Harbor Laboratory Press, (1989)) con-

jo taining 50 u.g/ml of ampicillin, and then incubated over-

night at 37°C to obtain an E. coli transformant.

[0153] Twenty uJ of a mixture containing 10 mM
Tris-HCI, pH 8.3, 50 mM KCI, 0.1 mM dNTPs, 100

pmole each of the primers shown in SEQ ID NO: 7-8, 5
75 units of Ampli Tag enzyme (manufactured by Perkin

Elmer Cetus), and the above transformant as a template

were subjected to 25 cycles of incubation at 94°C for 30
seconds, 55°C for 30 seconds, and 72°C for 30 sec-

onds. An JL cpji transformant whose PCR product is

20 630 bp was selected by a 1% agarose gel electrophore-

sis.

[0154] The JL cpji transformant was cultured over-

night at 37°C in 600 ml of a LB medium (Molecular Clon-

ing: A Laboratory Manual, Sambrook et al., Cold Spring

25 Harbor Laboratory Press, (1989)) containing 100 p.g/ml

of ampicillin. From this culture, plasmid DNA was pre-

pared by the alkali method (Molecular Cloning: A Labo-

ratory Manual, Sambrook et al., Cold Spring Harbor

Laboratory Press, (1989)). The plasmid containing the

30 gene encoding the epitope tag of hemagglutinin thus

prepared and the gene encoding soluble HM1.24 anti-

gen was designated as CGM/HA-sHM, and was used
as a HA-tagged soluble HM1.24 antigen expression

plasmid.

35

Example 3. The determination of nucleotide sequence

[0155] The sequencing of the nucleotide sequence
of the gene encoding the epitope tag of hemagglutinin

40 was carried out using an automatic DNA sequencer
(manufactured by Applied Biosystem Inc.) and the Tag

Dye terminator Cycle Sequencing Kit (manufactured by

Applied Biosystem Inc.) according to the protocol indi-

cated by the manufacturer. The primers used in the

45 reaction are shown in SEQ ID NOs: 7 and 8, the range

of the nucleotide sequence decoded in Figure 1, and
the nucleotide sequence determined in SEQ ID NO: 5.

This confirmed an agreement with the theoretical

sequence.

50

Example 4. Transfection to CQS-7 cells

[0156] In order to observe the transient expression

of HA-tagged soluble HM1 .24 antigen, the above-men-
55 tioned expression vector was tested in CO.S-7 cells

(ATCC #CRL-1651). The expression plasmid

(CGM/HA-sHM) was co-transformed to COS-7 cells by

the electroporation method using the Gene Pulser
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instrument (manufactured by Bio-Rad). 1 jag of the

expression plasmid was added to 0.8 ml aliquots of 1 x

107 cells/ml in PBS, and the mixture was subjected to

pulses of 1 .5 kV and 25 |.iFD capacity.

[0157] After a 10 minute recovery period at room

temperature, the eiectroporated cells were cultured in a

DM EM culture medium (manufactured by GIBCO-BRL)

containing 10% bovine fetal serum (manufactured by

GIBCO-BRL) at 37°C in a 5% C02 incubator. After cul-

turing for 6 days, the culture supernatant was collected,

which was then centrrfuged to remove cell debris, sub-

jected to 0.22 ujn filter (manufactured by MILLIPORE),

and stored at 4°C.

[0158] This was used in the initial investigation on a

sandwich ELISA system.

Example 5. Transfection to CHO cells

[0159] As a host cell, the CHO cell DG44 strain

(Urlaub, G. et al„ Cell (1 983), 33(2) 405-41 2) was used.

Since the DG44 strain is a DHFR deletion mutant, it

exhibits an auxotrophic property for glycine, purine

nucleotides, and thymidine. Thus, by transfection of the

neomycin resistant gene and a DHFR-expressing plas-

mid, DHFR+ and neomycin resistant transformed cells

can be selected using the G418-added nucleoside-defi-

cient medium. Furthermore, cells that were selected by

phased increases of the concentrations of methotrexate

in the medium and that survived show an increased

copy number of expression plasmids and increased an

amount of the product of interest.

[0160] In order to establish a stable production sys-

tem of the HA-tagged soluble antigen, the above vector

(CGM/HA-sHM) that was linearized by purifying 4.7 kb

fragments using 0.7% agarose gel after digestion with

Pad (manufactured by New England Biolabs) was

simultaneously introduced into CHO cells by the elec-

troporation method in a similar condition to the above

(the above Transfection to COS-7 cells).

[0161] The gene-transfected CHO cells were sus-

pended in a nucleoside-free CHO-S-SFM II culture

medium (manufactured by GIBCO-BRL) and then were

plated on a flat-bottomed 96-well plate (manufactured

by FALCON) at 100 u,l/well (4 x 104 cells/well). After

overnight culture at 37°C in a 5% C02 incubator, the

nucleoside-free CHO-S-SFM 11 culture medium to

which 1 mg/ml G418 had been added was added at 100

u,l/well, and culturing was continued. In the middle of

culturing, 100 \i\fwe\\ culture supernatant was extracted

on day 7 and 14 after plating, and 1 mg/ml G418-added

nucleoside-free CHO-S-SFM II culture medium was

added at 100 \i\hNe\\ to exchange buffers. On day 16

after plating, microscopic observation was carried out to

select the propagated clones.

[0162] Clone #1 selected with G418 was further

suspended to a nucleoside-free CHO-S-SFM II culture

liquid to which 5 nM MTX (manufactured by SIGMA)

had been added, and then was plated on a flat-bot-

tomed 96-well plate at 100 ul/well in three different con-

centrations: 5 x 102 cells/well, 5 x 103 cells/well, and 5 x

1

0

4
cells/well. After culturing overnight at 37°C in a 5%

C02 incubator, 100 ul/well of 5 nM MTX-added CHO-S-

5 SFM II selection medium was added. Medium was
exchanged in the middle of culturing, and microscopic

observation was carried out on days 7-14. Colonies #A,

#B, and #C thus obtained were subjected to an expan-

sion culture, and, as in the case of amplification with 5

10 nM MTX, the concentration was increased to 50 nM and

to 500 nM for amplification. Finally, the CHO cells that

produce 60% of the amount in the culture supernatant

by COS-7 cells were obtained.

is Example 6. Preparation of soluble antigen

[0163] In order to secure transiently soluble

HM1 .24 antigen, #1 strain (described in the section of

Transfection to CHO cells) selected with G418 was cul-

20 tured. The culture medium used was a nucleoside-free

CHO-S-SFM II culture medium containing 1 mg/ml

G41 8. It was cultured in two 500 ml spinar flasks (man-

ufactured by Techne) (equal to 1 liter) under shaking at

60 rpm at 37°C for 10 days. It was centrifuged to collect

25 the culture supernatant, which was passed through a

0.22 urn filter (manufactured by FALCON) and then

stored at -80°C as a soluble antigen. It is believed that

the HM1.24 antigen purified from the culture superna-

tant can be used for a search for a HM1 .24 ligand, or

30 function analysis of HM1 .24 antigen.

Example 7. Preliminary investigation of the ELISA sys-

tem

35 [0164] The culture supernatant from COS-7 cells

was used to conduct a preliminary investigation of the

ELISA system. As a control for anti-HA antibody, anti-IL-

6 receptor antibody, MT18 antibody (mouse lgG2bk,

(Hirata, Y et al.. J. Immunol. (1989) 143(9) 2900-2906))

40 was used. As a control for chimeric anti-HM1.24 anti-

body (see Reference example), myeloma-derived

human lgG1 ("human lgG1 kappa purified" (manufac-

tured by THE BINDING SITE) was purified on Protein A
column similarly to chimeric antibody) was used.

45

1 . Anti-HA antibody-chimeric anti-HM1 .24 antibody

[0165] Anti-HA antibody (mouse monoclonal anti-

body; clone 12CA5, manufactured by Boehringer Man-

so nheim) and the control antibody were prepared at 1

u.g/ml and 5 u.g/m1 in C.B. (coating buffer. 0.1 M
NaHC03 , buffer, pH 9.6, 0.02% sodium azide), which

were used to coat a flat-bottomed 96-well plate

(Immuno plate I, assayed: manufactured by Nunc) at

55 100 uJ/well at 4°C overnight. After washing three times

in R.B. (rinse buffer: PBS, 0.05% Tween 20), D.B. (dilu-

tion buffer; 50 mM Tris-HCI, pH 8.1, 1 mM MgCI2l 0.15

M NaCI, 0.05% Tween 20, 0.02% sodium azide, 1%

16
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BSA (manufactured by SIGMA)) was added at 200

jil/well for blocking at room temperature for 2 hours.

Four serial dilutions of the culture supernatant in D.B. by

a factor of 4 were reacted at room temperature for 1

hour.

[0166] After washing three times in R.B., chimeric

anti-HM1.24 antibody diluted at 5 jxg/ml in D.B. was

added at 100 |Lil/well, and then reacted at room temper-

ature for 1 hour. After further washing three times in

R.B., alkaline phosphatase-labeled goat anti-human

IgG antibody (manufactured by BIOSOURCE) diluted

5000-fold and 10,000-fold in D.B, was added at 100

lil/well and reacted at room temperature for 1 hour. After

washing five times in R.B., SIGMA 104 (p-nitrophenyl

phosphate, disodium hexahydrate: manufactured by

SIGMA), a substrate for alkaline phosphatase, diluted at

1 mg/ml in S.B. (substrate buffer: 0.05M NaHC03 buffer,

pH 9.8, 10 mM MgCI2) was added at 100 uJ/well, and

allowed to develop color at room temperature, and then

the absorbance at 405 nm -655 nm was measured by

the microplate reader model 3550 (manufactured by

BIORAD).

2. Chimeric anti-HM1.24 antibody-anti-HA antibody

[0167] Chimeric anti-HM1 .24 antibody and the con-

trol antibody were prepared at 1 u,g/ml and 5 ng/ml in

C.B., which were used to coat a flat-bottomed 96-well

plate (Immuno plate I: manufactured by Nunc) at 100

fil/well at 4°C overnight. After washing in R.B., anti-HA

antibody diluted to 5 u,g/ml in D.B. was added at 100

u.l/well and was reacted at room temperature for 1 hour.

Alkaline phosphatase-labeled goat anti-mouse IgG anti-

body (manufactured by 2YMED) diluted 5,000-fold and

10,000-fold was added at 100 uJ/well and reacted at

room temperature for 1 hour. After washing five times in

R.B., SIGMA 104 was added as above for color devel-

opment, and then the absorbance at 405 nm -655 nm
was measured.

[0168] In the above test a curve dependent on the

concentration of antigen was drawn in either of the

ELISA systems: a) anti-HA antibody -> chimeric anti-

HM1.24 antibody, b) chimeric anti-HM1.24 antibody ->

anti-HA antibody, and either could be used. Since the

method of 1 . is more suitable as a system for measuring

humanized anti-HM1.24 antibody, the sandwich ELISA

system of the above 1 . was used.

Example 8. Sandwich ELISA system that employs the

culture supernatant

[0169] The sandwich ELISA system that employs

HA-tagged soluble HM1.24 antigen is schematically

shown in Figure 2.

1 . Culture supernatant by COS-7 cells

[0170] Anti-HA antibody was coated at 1 u,g/ml and

100 unwell of the 4-fold diluted culture supernatant by

COS-7 cells was added thereto, and reacted at room

temperature for 2 hours. 400 ng/ml of chimeric anti-

HM1 .24 antibody and humanized anti-HM1.24 antibody

5 (see Reference example) were serially diluted by a fac-

tor of three, which were added at 100 u,l/well and

reacted at room temperature for 1 hour. Alkaline phos-

phatase-labeled goat anti-human IgG (manufactured by

BIOSOURCE) was added and reacted at room temper-

70 ature for 1 hour. The substrate for alkaline phosphatase

was similarly subjected for color development, and

absorbance at 405 nm - 655 nm was measured.

[0171 J As a result, a standard curve was created for

humanized anti-HM1,24 antibody when the culture

75 supernatant of COS-7 cells was used as shown in Fig-

ure 3, which showed the detection limit of the ELISA

system is 500 pg/ml. The same result was obtained for

chimeric antibody.

20 2. Culture supernatant by CHO cells

[0172] Using the culture supernatant (described in

Preparation of soluble antigen), a sandwich ELISA was
carried out in a similar manner to that described in the

25 section of Culture supernatant by COS-7 ceils. How-
ever, in order to secure the reaction of soluble antigen,

reaction was carried out overnight at 4°C and AHM was
subjected to a serial 3-fold dilution from 1 (ig/ml.

[0173] As a result, a standard curve, when soluble

30 antigen by CHO cells was used, is as shown in Figure 4
and the detection limit thereof was about a few ng/ml.

Example 9. Selection of cell lines

35 [0174] In order to obtain strains having the highest

possible production ability, the amount produced of sol-

uble antigen was compared in a sandwich ELISA with

anti-HA antibody, chimeric anti-HM1.24 antibody and

humanized anti-HM1.24 antibody for selection of cell

40 lines.

[0175] After blocking the plate coated with 1 u,g/ml

of anti-HA antibody, serially diluted culture supernatants

of HA-tagged soluble antigen-producing cells were

added. Since the purified antigen was not available and
45 thus antigen concentration was unknown, the initial

amount of inoculum was rendered equal and the culture

supernatant after culturing for 4 days was used.

[0176] After incubating this at room temperature for

2 hours, 1 ux|/ml of chimeric anti-HM1.24 antibody and
so humanized anti-HM1.24 antibody were added thereto,

and then incubated at room temperature for 1 hour.

Alkaline phosphatase-labeled goat anti-human IgG

(manufactured by BIOSOURCE) was added and

reacted at room temperature for 1 hour. The substrate

55 was added. Color was developed at room temperature,

and absorbance at 405 nm - 655 nm was measured by

the microplate reader model 3550 (manufactured by

BIORAD).
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[0177] As a result, clone #1 was selected with

G418, which was then used as a parent strain and

amplified with 5 nM MTX (manufactured by SIGMA) to

obtain #A, #B, and #C.

Example 10. Use of a sandwich ELISA system

1. Determination of blood concentrations of chimeric

anti-HM1.24 antibody in Rhesus monkey that received

chimeric anti-HM1.24 antibody

[0178] From a Rhesus monkey that received i.v.

infusion of 4 mg/kg and 40 mg/kg of chimeric anti-

HM1.24 antibody, blood was drawn on day 1, 3, 7, and

14 after the administration. The blood was centrifuged

at 4°C to obtain serum. As a control group, blood was
also drawn from Rhesus monkey that received physio-

logical saline in stead of chimeric anti-HM 1 .24 antibody

and serum was obtained. The concentration of chimeric

anti-HM 1 .24 antibody in the serum was determined by a

sandwich ELISA using HA-tagged HM1 .24 soluble anti-

gen.

[0179] A plate coated with 1 u.g/ml of anti-HA anti-

body was blocked and 1 00 uJ/well of HA-tagged HM 1 .24

soluble antigen (4-fold diluted culture supernatant by

CHO cells) was added and reacted at 4°C overnight.

The sera of a Rhesus monkey that received chimeric

anti-HM 1.24. antibody were serially diluted and 100 uJ

was added to each well. Chimeric anti-HM 1 .24 antibody

that was administered as a standard was serially 3-fold

diluted from 1 0 ixg/rnl by 1 1 times. After a 1 hour incuba-

tion at room temperature followed by washing, alkaline

phosphatase-labeled goat anti-human IgG antibody

(manufactured by BIOSOURCE) was added.

[0180] After a 1 hour incubation at room tempera-

ture followed by washing, the substrate solution was
added. After incubation, absorbance at 405 nm was
determined using the MICROPLATE READER Model

3550 (manufactured by BIORAD). As a result, the time

course of the concentration of chimeric anti-HM1.24

antibody in the sera of Rhesus monkey was as shown in

Figure 5. The detection limit of the ELISA system was
508 pg/ml.

[0181] The sandwich ELISA also permits the meas-

urement of kinetics of mouse anti-HM1.24 antibody in

the blood by replacing the second antibody with alkaline

phosphatase-labeled mouse lgG2a antibody.

2. Measurement of the binding-inhibition activity of

humanized anti-HM1.24 antibody

[0182] The binding-inhibition activity of humanized

anti-HM1.24 antibody by biotin-labeled mouse anti-

HM 1.24 antibody was determined by a sandwich ELISA
using HA-tagged HM1.24 soluble antigen. A plate

coated with 1 u,g/ml of anti-HA antibody was blocked,

100 u,g/ml of HA-tagged HM1.24 soluble antigen (4-fold

diluted culture supernatant by CHO cells) was added,

and reacted at4°C overnight. After washing, humanized

anti-HM1.24 antibody and chimeric anti-HM1.24 anti-

body were serially 3-fold diluted from 10 pig/ml by 7

times and 50 uJ thereof was added to each well At same
5 time 50 uJ of 20 ng/ml biotin-labeled mouse anti-HM 1 .24

antibody was added, and reacted at room temperature

for 1 hour.

[0183] After washing, alkaline phosphatase-labeled

streptavidin (manufactured by PIERCE) was added,

10 reacted at room temperature for 2 hours followed by

washing, and then the substrate solution was added.

After incubation, absorbance at 405 nm was deter-

mined using the MICROPLATE READER Model 3550
(manufactured by Bio-Rad). As a result, humanized

is anti-HM1.24 antibody exhibited a binding-inhibition

activity similar to mouse anti-HM1.24 antibody for

biotin-labeled mouse anti-HM 1.24 antibody as shown in

Figure 6. This indicated that humanized anti-HM1.24

antibody has the same V region as mouse anti-HM 1 .24

20 antibody.

[0184] It is also applicable to an assay system of

soluble HM1.24 antigen using as a standard soluble

HM1 .24 antigen purified from the culture supernatant.

25 Example 11. FCM analysis

[0185] There was not a very high production of anti-

gen by CHO cells that produce HA-tagged HM1 .24 sol-

uble antigen. In order to elucidate the reason for this,

30 HA-tagged soluble antigen-producing CHO cells #1

selected with G418 and HA-tagged soluble antigen-pro-

ducing CHO cells #A amplified by 5 nm MTX were ana-

lyzed by flow cytometry (FCM) analysis. After washing 1

x 106 soluble antigen-producing CHO cells in PBS, 5 uJ

35 of 500 u,g/ml mouse anti-HM 1 .24 antibody and 95 jxl of

the FACS buffer (PBS containing 2% bovine serum
albumin and 0.1% sodium azide), or 5 u.l of 500 u.g/ml

anti-HA antibody (manufactured by Boehringer Man-
nheim) and 95 \i\ of the FACS buffer were added, and

40 incubated on ice for 30 minutes.

[0186] As a control, 5 uJ of 500 *ig/ml mouse
lgG2ak (UPC1 0) (manufactured by CAPPEL) instead of

mouse anti-HM1.24 antibody abd 95 uJ of the FACS
buffer, and 5 uJ of mouse lgG2bk antibody (MT18)

45 instead of mouse anti-HA antibody and 95 uJ of the

FACS buffer were added, and incubated similarly. After

washing with the FACS buffer, 100 uJ of 10 ng/ml FITC-

labeled goat anti-mouse IgG antibody (manufactured by

Becton Dickinson) was added, and incubated on ice for

so 30 minutes. After washing with the FACS buffer, the

cells were suspended in 600 uJ of the FACS buffer, and

the fluorescence intensity of each cell was measured by

the FACScan (manufactured by Becton Dickinson).

[01 87] The result shown in Figure 7 revealed that, in

55 the cells to which mouse anti-HM 1 .24 antibody and anti-

HA antibody were added, the peak of fluorescence

intensity shifted to the right compared to the control,

indicating that mouse anti-HM 1.24 antibody and anti-
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HA antibody were bound to HA-tagged soluble antigen-

producing CHO cells. This confirmed that HM1.24 anti-

gen and hemagglutinin peptide are expressed at high

levels on the cell surface.

Example 12. Generation of cell Ivsates

[0188] After 1.2 x 107 HA-tagged soluble antigen-

producing CHO cells #1 selected with G418, 1.6 x 107

HA-tagged soluble antigen-producing CHO cells #A, 1.2

x 1

0

7 HA-tagged soluble antigen-producing CHO cells

#B, and 1.1 x 107 HA-tagged soluble antigen-producing

CHO cells #C amplified with 5 nM MTX were washed

with PBS, 1 ml of the lysis buffer containing 50 mM
NaHC03 buffer, pH 8.0, 150 mM NaCI, 100 jig/ml

PMSF, a 25-foid diluted protease inhibitor cocktail (man-

ufactured by Boehringer Mannheim), 0.5% sodium

deoxycholate, and 1% Nonidet P-40 was added, and

sonicated on ice for 30 minutes. It was then centrifuged

at 14,000 rpm at 4°C for 10 minutes, and the superna-

tant was recovered as a cell lysate. A simitar cell lysate

was prepared for 1.0 x 107 KPMM2 cells (Japanese

Unexamined Patent Publication (Kokai) No. 7-236475)

as well.

Example 13. Western blotting

1 . SDS polyacrylamide gel electrophoresis under a

reduced condition

[0189] When preparing a cell lysate of HA-tagged

soluble antigen-producing CHO cells, the culture super-

natant (Sup. #1 ,
Sup. #A, ,

Sup. #B, Sup. #C) obtained

by culturing the cells was passed through a 0.22 urn fil-

ter and then was stored at 4°C. To 20 uJ of the culture

supernatant was added 10 ul of a sample buffer (0.5 M
Tris-HCI buffer, pH 6.8, containing 10% glycerol, 2%
SDS, 0.25% bromophenol blue) was added, and the

mixture was heated to 1 00°C for 5 minutes. Also, to 1

0

u,l of the cell lysate containing a cell count correspond-

ing to 20 jllI of the culture supernatant (#1 : 3 x 1

0

4
cells,

#A: 4 x 104 cells, #B: 3 x 104 cells, #C: 2.8 x 104 cells),

5 uJ of the sample buffer containing 5% 2-mercaptoeth-

anol was added, and the mixture was heated at 100°C

for 5 minutes.

[0190] As a positive control, 5 u.1 of a sample buffer

containing 5% 2-mercaptoethanol was added to 10 uJ of

the KPMM2 cell lysate that is a myeloma cell expressing

HM1.24 antigen at a high level instead of a culture

supernatant, which was similarly heated. Using 4-20%

gradient gel (manufactured by TEFCO) SDS polyacryla-

mide gel electrophoresis was carried out at 20 mA for

1.5 hours. After the electrophoresis, the gel was trans-

blotted to a PVDF membrane (manufactured by

TEFCO) at 150 mA for 2 hours. The membrane was
incubated overnight at 4°C in TBS-T (Tris buffer contain-

ing 0.1% Tween 20 (manufactured by Takara Shuzo))

containing 3% skim milk.

[0191] After washing with TBS-T, PBS containing

10 |ng/ml mouse anti-HM1.24 antibody, 10% FCS, and

0.025% thimerosal was added, which was then reacted

under shaking at room temperature for 1 hour. After

5 washing, 1000-fold diluted peroxidase-labeled goat

anti-mouse IgG antibody (manufactured by Zymed) was
reacted under shaking at room temperature for 1 hour.

After washing, it was subjected to chemiluminescence

using an ECL detection reagent (manufactured by

jo Amersham) and was transferred to hyper film-ECL
(manufactured by Amersham). This was developed

using an automatic developer (SRX-101 manufactured

by Konica) to detect HM1 .24 antigen.

[0192] The result, as shown in Figure 8, confirmed

15 the expression of HM1.24 antigen near 30 kDa as for

the positive control KPMM2 cells.

2. SDS polyacrylamide gel electrophoresis under a non-

reduced condition

20

[0193] Ten uJ of the sample buffer was added to 20

jxl of the above culture supernatant #C and then heated

to 1 00°C for 5 minutes. Also, 5 uJ of the sample buffer

was added to 10 uJ of the cell lysate #C containing 2.8 x

25 1

0

4
cells and then heated to 1 00°C for 5 minutes. As a

positive control, 1 0 uJ of the sample butter was added to

10 uJ of the KPMM2 cell lysate (1 x 105) that is a mye-

loma cell expressing HM1.24 antigen at a high level

instead of a culture supernatant, which was similarly

30 heated. They were tested under the conditions

described in the reduced condition to detect the anti-

gen.

[0194] The result, as shown in Figure 9, showed

that the antigen that was detected near 30 kDa under

35 the reduced condition was detected near 60 kDa under

the non-reduced condition. Thus, HA-tagged HM1.24
soluble antigen also formed a homodimer as did

HM1.24 antigen.

[0195] On the other hand, since HM1.24 antigen

40 has a hydrophobic region of about 1 4 amino acids in the

C-terminal end, it was thought that part of the

expressed antigen remained on the cell surface instead

of being secreted into the culture supernatant Thus, a

HA-tagged soluble antigen in which the C-terminal con-

45 taining the hydrophobic region on the C-terminal end

has further been deleted from the HA-tagged soluble

antigen in which the N-terminal containing the trans-

membrane region on the N-terminal end has further

been deleted was prepared.

50

Example 14. Construction of expression plasmid

[0196] A mixture containing 10 mM Tris-HCI, pH
8.3, 50 mM KCI, 0.1 mM dNTPs, 1.5 mM MgCI2 , 100 ng

55 of pSFHM 1 .24 as a template, 1 00 pmole of each primer

(SEQ ID NO: 9 and 11), and 5 units of Ampli Taq (man-

ufactured by Perkin Elmer Cetus) was first subjected to

a denatu ration at 94°C, and then to 25 cycles of 94°C
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for 1 minute, 55°C for 1 minute, and 72°C for 1 minute,

and finally incubated at 72°C for 7 minutes. The PCR
product digested with Kpnl and BamHI was reacted as

a C-terminal deleted soluble antigen (HM1 64) in a reac-

tion mixture containing 5 u.g of a vector (CGM/HA), 50

mM Tris-HCI, pH 7.6, 10 mM MgCI2 , 10 mM dithiothrei-

tol, 1 mM ATR 50 rng/ml of polyethylene glycol and one

unit of T4 DNA ligase (manufactured by GIBCO-BRL) at

16°C for 3 hours, and ligated.

[0197] Then 1 0 pJ of the ligation mixture was added

to competent cells of £L cpJi JM109 (manufactured by

Toyobo), which was allowed to stand for 30 minutes on

ice, for 1 minute at 42°C, and again for 1 minute on ice.

Subsequently, 400 jil of the SOC medium (Molecular

Cloning: A Laboratory Manual, Sambrook et al., Cold

Spring Harbor Laboratory Press, (1989)) was added

thereto, incubated at 37°C for one hour, and then the E.

coli was plated on the LB agar medium (Molecular Clon-

ing: A Laboratory Manual, Sambrook et al., Cold Spring

Harbor Laboratory Press, (1989)) containing 50 u.g/ml

of arnpicillin, and then incubated overnight at 37°C to

obtain an E. c_oli transformant.

[0198] The transformant was cultured overnight at

37°C in the LB medium (Molecular Cloning: A Labora-

tory Manual, Sambrook et al., Cold Spring Harbor Lab-

oratory Press, (1989)) containing 50 ng/ml of arnpicillin,

and then from this culture plasmid, DNA was prepared

using the alkali method. After the plasmid DNA was

digested with Kpnl and BamHI, 360 bp plasmid was
selected on a 1% agarose gel electrophoresis, and the

selected transformant was cultured overnight at37°C in

30 ml of the LB medium containing 50 u,g/ml of arnpicil-

lin. From this culture, plasmid DNA was prepared using

the alkali method (Molecular Cloning: A Laboratory

Manual, Sambrook et al., Cold Spring Harbor Labora-

tory Press, (1989)), which was designated as

(CGM/HA-HM1 64) as an expression plasmid of HA-

tagged soluble antigen in which the hydrophobic region

in the C-terminal end has been truncated.

Example 15. Determination of the nucleotide sequence

of CGM/HA-SHM1 64

[0199] The nucleotide sequence of the expression

plasmid (CGM/HA-HM1 64) of HA-tagged soluble anti-

gen in which the hydrophobic region in the C-terminal

end has been deleted was determined by an antomatic

DNA sequencer (manufactured by Applied Biosystem

Inc.) and Taq Dye terminator Cycle Sequencing kit

(manufactured by Applied Biosystem Inc.) using the

above expression plasmid digested with Bglll (manufac-

tured by Takara Shuzo) as a template according to the

manufacturer's protocol. The primers used are shown in

SEQ ID NO: 9 and 1 1 , the range of the decoded nucle-

otide sequence in Figure 10, and the nucleotide

sequence determined in SEQ ID NO: 6. They were con-

firmed to be consistent with the theoretical nucleotide

sequences.

Example 1 6. Transfection to COS-7 cells and CHO cells

[0200] In order to observe the transient expression

of HA-tagged C-terminal deleted soluble HM1.24 anti-

5 gen, the above expression vector CGM/HA-HM164 was
transfected to COS-7 cells by the electroporation

method in a similar manner to the one described above

(the above Working Example 4. Transfection to COS-7
cells). After culturing the electroporated cells for 6 days

io in a similar manner to the one described above (the

above Working Example 4), the recovered culture

supernatant was subjected to 0.22 ujn filter (manufac-

tured by MILLIPORE), and stored at 4°C.

[0201 ] In order to establish a stable production sys-

15 tern of HA-tagged soluble HM1.24 antigen, it was
digested with Pad (manufactured by New England

Biolabs), and then the above vector (CGM/HA-HM1 64)

that was linearized by purifying 4.7 kb fragments using

0.7% agarose gel after digestion was simultaneously

20 transfected into CHO cells strain DG44 (Urlaub, G. et

al., Cell (1983) 33(2) 405-412) by the electroporation

method in a similar condition to the above (the above

Example 4. Transfection to COS-7 cells).

[0202] Furthermore, it was selected with G41 8 as in

25 the above (the above Example 5).

Example 17. Sandwich ELISA using a culture superna-

tant

30 [0203] This was carried out in a similar condition to

that mentioned above (Working Example 7. Sandwich

ELISA system that employs the culture supernatant). A
plate on which anti-HA antibody (manufactured by Boe-

h ringer Mannheim) was coated at 1 ng/ml was blocked

35 at room temperature for 2 hours. Then 1 00 pl/well of the

4-fold diluted culture supernatant by COS-7 cells and

CHO cells was added thereto, and reacted overnight at

4°C. After washing, 1 u.g/ml of humanized anti-HM1.24

antibody was serially three-fold diluted, which was
40 added at 1 00 pi/well and reacted at room temperature

for 1 hour. After washing, alkaline phosphatase-labeled

goat anti-human IgG (manufactured by BIOSOURCE)
was added and reacted at room temperature for 1 hour.

After washing, the substrate solution was added, and

45 absorbance at 405 nm - 655 nm was measured using

the Microplate reader (manufactured by BIORAD).

[0204] As a result, a standard curve was obtained

for humanized anti-HM1.24 antibody using the culture

supernatant of COS-7 cells that was allowed to produce

so a C-terminal deleted soluble antigen as shown in Figure

1 1. A standard curve was also obtained for humanized

anti-HMl.24 antibody when the culture supernatant of

CHO cells was used as shown in Figure 12. The detec-

tion limit for either of the ELISA systems was a few

55 ng/ml.

20
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Example 18. Selection of cell lines

[0205] In order to select strains having a high pro-

duction ability, the amounts of soluble antigen produced

by anti-HA antibody and chimeric anti-HM1 .24 antibody s

were compared by a sandwich ELISA and cell lines

were selected. After blocking a plate to which anti-HA

antibody was coated at 1 u,g/ml, serial dilutions of cul-

ture supernatants of HA-tagged soluble antigen-produc-

ing cells were added. Since the purified antigen was not 10

available and thus the antigen concentration was

unknown, the initial amount of inoculum was rendered

equal and the culture supernatant that was cultured for

4 days was used. After incubating this at room tempera-

ture for 2 hours, 1 u.g/ml of chimeric anti-HM1.24 anti- 75

body and humanized anti-HM1.24 antibody was added

thereto, and then incubated at room temperature for 1

hour. After alkaline phosphatase-labeled goat anti-

human IgG (manufactured by BIOSOURCE) was added

and reacted at room temperature for 1 hour, the sub- 20

strate was added. Color was developed at room temper-

ature, and absorbance at 405 nm - 655 nm was
measured by a microplate reader (manufactured by

BIORAD).

[0206] As a result, clones #1 , #2, #21 , and #28 that 25

had a high producing ability were selected in the selec-

tion of cells with G41 8.

Example 19. Western blotting

30

[0207] First, a cell lysate was prepared. The cell

lysate was prepared from 1 x 107 COS-7 cells in which

HA-tagged, C-terminal deleted soluble antigen was
expressed, and each of 4 clones of HA-tagged, C-termi-

nal deleted soluble antigen-producing CHO cells (#1: 35

1.2 x 107 cells, #2: 1.5 x 107 cells, #21: 2.2 x 107 cells,

#28: 1 .3 x 1

0

7
cells) was prepared under the condition

of the above Working Example 1 2.

[0208] When preparing the cell lysate, the superna-

tant of the culture in which cells were cultured (COS-7 40

Sup., CHO Sup. #2, #21, #28) was passed through a

0.22 11m filter and then was stored at 4°C. To 20 \i\ of the

culture supernatant was added 1 0 u.l of a sample buffer

(0.5 M Tris-HCl buffer, pH 6.8, containing 10% glycerol,

2% SDS, 0.25% bromophenol blue) containing 5% 2- 45

mercaptoethanol was added, and the mixture was
heated to 100°C for 5 minutes. Also to 10 uJ of the cell

lysate containing a cell count 10-16 times that corre-

sponding to 20 uJ of the culture supernatant (COS-7: 1

x 105 cells, #2: 5.4 x 104 cells, #21: 1 x 105 cells, #28: so

5.9 x 1

0

4
cells), 5 ui of the sample buffer containing 5%

2-mercaptoethanol was added, and the mixture was
similarly heated.

[0209] As a positive control, 20 u,l of the culture

supernatant (#C Sup.) of HA-tagged soluble antigen- 55

expressing CHO cells #C from which C-terminal has not

been deleted was similarly treated with 1 0 fit of the sam-

ple buffer containing 5% 2-mercaptoethanol. They were

subjected to Western blot using mouse anti-HM1 .24

antibody under the condition mentioned above (Working

Example 13) and the result is shown in Figure 13. As
can be seen from the figure, soluble HM1.24 antigen

was detected as before, but the expression of HM1 .24

antigen was not observed in the cell lysate of the C-ter-

minal deleted soluble antigen-producing cells. There-

fore, by deleting the hydrophobic region of the C-

terminal end, HA-tagged HM1.24 soluble antigen that

had been trapped on the cell surface came to be

secreted into the culture supernatant

[0210] Furthermore, after SDS polyacrylamide gel

electrophoresis under a non-reduced condition using

the culture supernatant of the above C-terminal deleted

soluble antigen-producing cells and Western blot, the

C-terminal deleted soluble antigen also formed a

homodimer.

Example 20,

[021 1] ELISA was investigated using a GST-tagged

soluble HM1.24 antigen.

1 . Preparation of GST-tagged soluble HM1 .24 antigen

[0212] The extracellular domain amino acids 76-

1 80 (IS-1) of HM1 .24 antigen was linked to the C-termi-

nal of glutathione S-transferase (GST) to construct an

expression vector of GST IS-1, which was used to

transform E. cpH (DH5ot) (GST. IS-1/E, cpj). The GST.
1S-1/E. cgH was cultured overnight in the LB/Amp
medium. The preculture was diluted 50-fold with the

LB/Amp medium and then cultured at 30°C for 4 hours.

When the density reached 0.7 or higher, IPTG was
added to a concentration of 0.5 mmol/L to induce

expression for about 4 hours. The E,. colj cells were har-

vested, suspended in D-PBS (-), and lyophilized at -

80°C for the following purification.

[0213] The expressed GST. IS-1 was extracted

from the inclusion body of coli . Thus, after thawing

the lyophilized E* coli. Triton X100 was added thereto to

1%, which was then crushed by sonication at a condi-

tion of output 2 and duty 50% for 1 minute. Using a

Tomy MX160 it was centrifuged at 14,000 rpm for 20
minutes and the precipitated fraction was collected. The
precipitate fraction was suspended in 50 mmol/L Tris-

HCl, pH 8.0, containing 100 u.gml Lysozyme, and was
then digested on ice for 30 minutes. After digestion with

Lysozyme, MgCI2 was added to 5 mmol/L and then it

was digested with DNase I at room temperature for 10

minutes. A precipitate after centrifugation at 14,000 rpm
for 20 minutes was collected, and washed twice with 50
mmol/L Tris-HCl, pH 8.0, containing 1% Triton XI 00. To

the precipitate fraction was added 50 mmol/L Tris-HCl,

pH 8.0, containing 8 mol/L urea and 10 mmol/L DTT,

which was suspended by pipetting. After centrifugation

at 14,000 rpm for 20 minutes, the supernatant was used

as a GST. IS- 1 extract.
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[0214] The GST. IS-1 extract was purified by anion

exchange chromatography using DEAE Sepharose

Fast Flow. The GST IS-1 extract was applied to a DEAE
Sepharose Fast Flow column that had been equilibrated

with 50 mmol/L Tris-HCI, pH 8.0, containing 8 mol/L

urea and 10 mmol/L DTT, and then washed in the same

buffer. The GST. IS-1 that was adsorbed was etuted by

rendering the concentration of NaCI to 0.25 mol/L and

the fraction was used as GST. IS-1 (D).

[0215] Subsequently, GST IS-1 (D) was purified by

a reverse-phase HPLC using COSMOSIL C4. GST IS-

1 (D) was first diluted with 2 volumes of 200 mmol/L

sodium acetate-HCl buffer, pH 3.5, and then desalted

with a column of PD-10 that had been equilibrated with

20 mmol/L sodium acetate-HCl buffer, pH 3.5. To the

desalted GST IS-1 (D), an equal amount of 0.1% TFA

was added, which was then allowed to adsorb to the

COSMOSIL C4 that had been equilibrated with 20%
CH3CN/0.1%TFA. The adsorbed GST IS-1 was eluted

by linearly increasing the concentration of acetonitrile to

60%. The major GST IS-1 elution fraction was desig-

nated as GST IS-1 (C4).

[0216] Then, GSR IS-1 (C4) was purified by a sec-

ond reverse-phase HPLC using Vydac DiphenyL GST.

IS-1 (C4) was diluted 3-fold with deionized water and

was allowed to adsorb to the Vydac Diphenyl that had

been equilibrated with 30% CH3CN/0.1% TFA. The

adsorbed GST. IS-1 was eluted by linearly increasing

the concentration of acetonitrile to 60%. GST. IS-1 was

eluted as a main peak.

2. ELISA

[0217] The Coating Buffer (CB) used was a 100

mmol/L NaHCQ3 solution containing 0.02% NaN3 ,
the

dilution Buffer (DB) used was a 50 mmol/L Tris-HCI, pH

8.1, solution containing 1 mmol/L MgCI2 , 150 mmol/L

NaCI, 0.05% Tween 20, 0.02% NaN3 , and 1% BSA, the

substrate Buffer (SB) used was 50 mmol/L NaHC03 ,
pH

9.8, solution containing 1 0 mmol/L MgCI2 , and the 0.1%

Tween 20/TBS used was TBS (Takara Code T903, Lot

291) containing 0.1% Tween 20. GST. IS-1 (D) was

directly immobilized to the Nunc Immuno Plate Maxi

Sorp and the concentration of humanized anti-HM1.24

antibody was determined. GST IS-1 (D) was diluted

with CB and added to the Nunc Immuno Plate Maxi

Sorp at 100 uJ/well and immobilized at room tempera-

ture for 1 hour. After washing three times at 200 u,l/well

with 0.1% Tween 20/TBS, DB was added at 200 uJ/well,

to block, at room temperature for more than 1 hour. As a

test sample, humanized anti-HM1 .24 antibody diluted

with DB was reacted at 100 ul/well at room temperature

for 1 hour. Then, after washing three times with 0.1%

Tween 20/TBS at 200 u,l/well f
alkaline phosphatase-

labeled goat anti-IgG antibody (Goat anti human IgG?

chain AP conjugate) (Biosource AH20305, Lot 6202)

was reacted at 100 u.l/well at room temperature for 1

hour. After washing three times with 0.1% Tween

20/TBS at 200 uJ/well, Sigma 1 04 diluted prepared at 1

mg/ml with SB was added at 100 u,l/well and was

allowed to develop color at room temperature for 1 hour.

Absorbance at 405 nm-620 nm was determined using

5 the Bio-Rad Model 3550. As a result, an increase in

absorbance was obtained, in a dose dependent man-

ner, depending on the concentration of humanized anti-

HM1.24 antibody (Figure 19).

70 Reference example 1 . Preparation of hybridomas that

produce mouse anti-HM1.24 monoclonal antibody

[0218] In accordance with the method of Goto, T et

al., Blood (1994) 84, 1992-1930, hybridomas that pro-

15 duce mouse anti-HM1.24 monoclonal antibody were

prepared.

[0219] A plasma cell line KPC-32 (1 x 107 cells)

derived from the bone marrow of a patient with human
multiple myeloma (Goto, T et al., Jpn. J. Clin. Hematol.

20 (1991) 32, 1400) was injected twice to the abdominal

cavity of a BALB/c mouse (manufactured by Charles

River) every six weeks.

[0220] Three days prior to sacrificing the animal,

1 .5 x 106 KPC-32 cells was injected to the spleen of the

25 mouse in order to further enhance the antibody-produc-

ing ability of the mouse (Goto, T et al., Tokushima J.

Exp. Med. (1990) 37, 89). After sacrificing the animal

the spleen was extracted and the extracted organ was
subjected to cell fusion with the myeloma cell SP2/0

30 according to the method of Groth, de St. & Sch-

reidegger (Cancer Research (1981) 41 ,
3465).

[0221] By the Cell ELISA (Posner, M.R. et al., J.

Immunol. Methods (1982) 48, 23) using KPC-32, the

culture supernatant of the hybridoma was screened for

35 antibody. 5 x 1

0

4 KPC-32 cells were suspended in 50 ml

of PBS and then were aliquoted to a 96-well plate (U-

bottomed, Corning, manufactured by Iwaki), which was

then air-dried at37°C overnight. After blocking with PBS
containing 1% bovine serum albumin (BSA), the culture

40 supernatant of the hybridoma was added thereto and

incubated at 4°C for 2 hours. Then, peroxidase-labeled

anti-mouse IgG goat antibody (manufactured by

Zymed) was reacted at 4°C for 1 hour. After washing, an

o-phenylene diamine solution (manufactured by Sumi-

45 tomo Bakelite) was reacted at room temperature for 30

minutes.

[0222] The reaction was stopped by adding 2 N sul-

furic acid and the absorbance was measured at 492 nm
using the ELISA reader (manufactured by Bio-Rad). In

so order to remove the hybridoma that produced antibod-

ies against human immunoglobulin, the culture super-

natant of the positive hybridoma had previously been

adsorbed to human serum and the reactivity to other

cell lines was screened by ELISA. Positive hybridomas

55 were selected, and their reactivity to various cells were

investigated by flow cytometry. The last selected hybrid-

oma clone was cloned twice, which was injected to the

abdominal cavity of a pristane-treated BALB/c mouse
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and the ascites were obtained therefrom.

[0223] Monoclonal antibodies were purified from

the ascites of the mouse by ammonium sulfate precipi-

tation and a Protein A affinity chromatography kit

(Ampure PA, manufactured by Amersham). The purified s

antibodies were labeled with FITC using the Quick Tag

FITC binding kit (manufactured by Boehringer Man-
nheim).

[0224] As a result, monoclonal antibodies produced

by .30 hybridoma clones reacted with KPC-32 and RPMI io

8226. After cloning, the reactivity of the culture superna-

tant of these hybridomas with other cell lines or periph-

eral blood mononuclear cells was investigated.

[0225] Among them, 3 clones produced monoclonal

antibodies that specifically reacted with the plasma cell, is

From among the 3 clones, a hybridoma clone that was
most useful for flow cytometry analysis and had a CDC
activity to RPMI 8226 was selected and designated as

HM1.24. The subclass of the monoclonal antibody pro-

duced by this hybridoma was determined by an ELISA 20

using a subclass-specific anti-mouse rabbit antibody

(manufactured by Zynned). Anti-HM1.24 antibody had a
subclass of lgG2a ic. The hybridoma HMt.24 that pro-

duces anti-HMl.24 antibody was internationally depos-

ited under the provisions of the Budapest Treaty as 25

FERM BP-5233 on September 14, 1995 with the

National Institute of Bioscience and Human Technology,

Agency of Industrial Science and Technology, of 1-3,

Higashi 1-chome, Tsukuba-shi, Ibaraki pref., Japan.

30

Example 2. Preparation of humanized anti-HM1.24 anti-

body

[0226] Humanized anti-HM1.24 antibody was
obtained by the following method. 35

[0227] From the hybridoma HM1.24 prepared in

Reference example 1, total RNA was prepared by the

conventional method. From this, cDNA encoding the V
region of mouse antibody was synthesized and ampli-

fied by a polymerase chain reaction (PCR) method and 40

the 5'-RACE method. A DNA fragment containing the

gene encoding the mouse V region was obtained, which

was ligated to each plasmid pUC cloning vector and
then introduced into competent E, cofi cells to obtain an

E coli transformant. The above plasmid was obtained 45

from the transformant The nucleotide sequence of the

cDNA coding region in the plasmid was determined in

the conventional method, and the complementarity

determining region (CDR) of each V region was deter-

mined, so

[0228] In order to construct a vector expressing chi-

meric anti-HMl.24 antibody, cDNA encoding the V
region of each of L chain and H chain of a mouse anti-

HM1.24 antibody was inserted to the HEF vector. Fur-

thermore, in order to construct humanized anti-HM1 .24 55

antibody, the V region CDR of a mouse anti-HM1.24

antibody was transplanted to a human antibody by the

CDR transplantation method. The L chain of human

44

antibody REI was used as the L chain of human anti-

body, FR1-3 of the human antibody HG3 was used for

the framework region (FR) 1-3 as the H chain of human
antibody, and FR4 of the human antibody JH6 was used
for FR4. The amino acid in the FR of the H chain V
region was replaced so that the CDR-transplanted anti-

body could form a suitable antigen-binding site.

[0229] In order to express the gene of the L chain

and the H chain of the thus constructed humanized anti-

HM1.24 antibody in a mammalian cell, each gene was
separately introduced into the HEF vector to construct a

vector that expresses the L chain or the H chain of the

humanized anti-HMi.24 antibody, respectively.

[0230] By simultaneously introducing these two

expression vectors into the CHO cells, a cell line that

produces humanized anti-HM1.24 antibody was estab-

lished. The antigen binding activity and the binding inhi-

bition activity to human amniotic membrane cell line

WISH of humanized anti-HM1 .24 antibody obtained by

culturing this cell line was investigated by the Cell

ELISA. The result indicated that humanized anti-

HMl.24 antibody has an antigen binding activity equal
to chimeric antibody, and for the biding inhibition activity

using a biotinylated mouse anti-HMl.24 antibody as
well, it had an activity equal to chimeric antibody or

mouse antibody.

[0231] Incidentally, E. cpji having the plasmid that

contains the DNA encoding the L chain V region or the

H chain V region of chimeric anti-HM1.24 antibody has
been internationally deposited under the provisions of

the Budapest Treaty as Escherichia coli DH5ot (pUCt 9-

1.24L-gK) and Escherichia coli DH5a (pUC19-1 .24L-

g-yl) on August 29, 1996 with the Fermentation

Research Institute, Agency of Industrial Science and
Technology, of 1-3, Higashi 1-chome, Tsukuba-shi, Iba-

raki pref., Japan, as FERM BP-5646 and FERM BP-
5644, respectively.

[0232] Furthermore, cpjj having the plasmid that

contains the DNA encoding the a version (SEQ ID NO:
1 7) of the L chain V region or the r version (SEQ ID NO:
18) of the H chain V region of humanized anti-HM1.24
antibody has been internationally deposited under the

provisions of the Budapest Treaty as Escherichia coli

DH5a (pUC19-RVLa-AHM-gK) and Escherichia coli

DHSct (pUC19-RVHr-AHM-gyl), respectively, on August
29, 1996 with the National Institute of Bioscience and
Human Technology, Agency of Industrial Science and
Technology, of 1-3, Higashi 1-chome, Tsukuba-shi, Iba-

raki pref., Japan, as FERM BP-5645 and FERM BP-
5643, respectively.

[0233] Furthermore, B cpJl having the plasmid that

contains the DNA encoding the s version (SEQ ID NO:
19) of the H chain V region of humanized anti-HMl.24
antibody has been internationally deposited under the

provisions of the Budapest Treaty as Escherichia coli

DH5a (pUC19-RVHs-AHM-gyl) on September 29, 1997
with the National Institute of Bioscience and Human
Technology, Agency of Industrial Science and Technol-

EP 1 059 533 A1
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ogy, of 1 -3, Higashi 1 -chome, Tsukuba-shi, Ibaraki pref.,

Japan, as FERM BP-6127.

Reference example 3. Cloning of cPNA encoding

HM1.24 antigen protein

1) cell lines

[0234] Human multiple myeloma cell line

RPMI8226 and U266 were cultured in the RPMI1640

medium (GIBCO-BRL) supplemented with 10% fetal

bovine serum (FBS), and human multiple myeloma cell

line KPMM2 (Japanese Unexamined Patent Publication

(Kokai) No. 7-236475) was cultured in the RPMI1640

medium (GIBCO-BRL) supplemented with 20% fetal

bovine serum.

2) construction of cDNA library

[0235] Total RNA was prepared according to the

guanidine thiocyanate/cesium chloride method from 1 x

108 KPMM2 cells, and mRNA was purified using the

Fast Track mRNA Isolation Kit (Invitrogen). After synthe-

sizing cDNA from 10 u,g of mRNA using Notl/oligo-dT18

(Time Saver cDNA Synthesis Kit; Pharmacia Biotech),

an EcoRI adapter was ligated thereto. cDNA of 0.7 kbp

or greater was fractionated using 1.0% low-melting

point agarose gel (Sigma), and digested with Notl. It

was then inserted to the EcoRI/Notl site of a pCOS1

expression vector or a A,ExCell vector (Pharmacia Bio-

tech) to prepare a library (library A) for use in direct

cloning (screening by panning) and a library (library B)

for use in immunoscreening, respectively

[0236] pCOS1 expression vector was constructed

from HEF-PMh-gM (see W092-19759) by deleting

genes contained with EcoRI and Smal digestion, and

then by ligating it to the EcoRI-Notl-BamHI Adaptor

(Takara Shuzo).

3) Panning

[0237] Library A was introduced to COS-7 cells by

the electroporation method. Thus, 20 u,g of the plasmid

DNA (containing 5 x 105 independent clones) was

mixed with 0.8 ml of cells (1x 107 cells/ml in PBS), and

the mixture was subjected to electroporation under a

condition of 1 .5 kV and 25 u,FD capacity using the Gene

Pulser (Bio-Rad). After allowing to stand at room tem-

perature for 10 minutes, the cells were suspended in a

DM EM (manufactured by GIBCO-BRL) containing 10%

FBS, divided into four 100 mm culture dishes, and cul-

tured at 37°C for 72 hours.

[0238] After culturing, the cells were washed with a

phosphate buffer (PBS), and were scraped off by add-

ing PBS containing 5 mM EDTA to adjust a cell suspen-

sion of 1-2 x 106 cells/ml with PBS containing 5% FBS

and 0.02% NaN3 . The cells were then allowed to stand

on a panning plate (see below) coated with anti-HM1.24

antibody for 2 hours, and the plate was gently washed

three times with 3 ml of PBS containing 5% FBS and

0.02% NaN3. After washing, plasmid DNA was recov-

ered from the cells bound to the plate using the Hirt's

5 solution (H'rtt J., Mol. Biol. 26: 365-369, 19B3) (0.6%

SDS, 10 mM EDTA). The recovered plasmid DNA was

grown in cgjj and used for the following panning.

[0239] A panning plate was prepared as follows.

Three milliliters of an anti-HM1 .24 antibody solution (1

0

io u.g/ml in 50 mM Tris-HCI. pH 9.5) was added to a cell

culture dish (Falcon) with a diameter of 60 mm and was

Incubated at room temperature for 2 hours. After wash-

ing three times in 0.15 M NaCI, 3 ml of PBS containing

5% FBS, 1 mM EDTA, and 0.02% NaN3 was added to

is the dish. After blocking by allowing to stand at room

temperature for 2 hours, the panning plate was stored at

-20°C until use.

[0240] By repeating panning three times using a

plasmid library (library A) containing 5 x 1

0

5 clones as a

20 starting material, a plasmid DNA having an about 0.9

kbp cDNA as an insert was concentrated. Using Dye

Terminator Cycle Sequencing Kit (manufactured by

Applied Biosystem Inc.), the nucleotide sequence was

determined by the 373A or 377DNA Sequencer

25 (Applied Biosystems). The result revealed that clone

P3.1 9 comprises 1 ,01 2 bp cDNA and has an open read-

ing frame (23-549) encoding 180 amino acids (Figures

14 and 15) (SEQ ID NO: 16). The amino acid sequence

deduced from the cDNA had a structure characteristic

30 to type II membrane proteins and had 2 N-type sugar

chain binding sites.

4) Immunoscreening

35 [0241] Library B was subjected to immunoscreen-

ing using anti-HM1.24 antibody. Thus, a phage library

containing 1 .5 x 1

0

5 independent clones was layered on

agar together with E. coji NM522 (Pharmacia Biotech)

and was cultured at 42°C for 3.5 hours. After culturing,

40 a nitorocellulose filter pretreated with 1 0 mM IPTG was

superimposed on the plate, and was further cultured at

37°C for 3 hours. After the filter was washed with 0.05%

(v/v) Tween 20-added TBS (20 mM Tris-HCI, pH 7.4,

150 mM NaCI), 1% (w/v) BSA-added TBS was added

45 thereto, and was blocked by incubating at room temper-

ature for 1 hour.

[0242] After blocking, a anti-HM1 .24 antibody solu-

tion (a 10 u.g/ml blocking buffer) was added, incubated

at room temperature for 1 hour, and 5,000-fold diluted

so alkaline phosphatase-conjugated anti-mouse Ig antise-

rum (picoBlue Immunoscreening kit; Stratagene) was

added, which was further incubated at room tempera-

ture for 1 hour. Spots that reacted with the antibody

were allowed to develop color with a developing solution

55 (1 00 mM Tris-HCI, pH 9.5, 1 00 mM NaCI, 5 mM MgCI2 )

containing 0.3 mg/ml nitroblue tetrazolium and 0.15

mg/ml 5-bromo-4-chloro-3-indolyl phosphate.

[0243] By immunoscreening, five positive clones
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were isolated, all of which were consistent with the par-

tial sequence of P3.19 (Figure 16). Homology search of

them revealed that P3.1 9 is identical with the nucleotide

sequence of BST-2 (Ishikawa J. et al. t Genomics, 26:

527-534, 1995) expressed on the bone marrow or syn-

ovial stromal cells. The same molecule was obtained

from two runs of immunoscreening, which strongly sug-

gested that membrane protein encoded by P3.19 is the

HM1.24 antigen molecule.

[0244] £L c_oJi having the plasmid pRS38-pUC19 in

which DNA encoding human protein having the same
sequence as the above-mentioned human HM1.24 anti-

gen protein has been inserted in between the Xbal sites

of pUC vector has been internationally deposited under

the provisions of the Budapest Treaty as Escherichia

coli DH5ot (pRS38-pUC19) on October 5, 1 993 with the

National Institute of Bioscience and Human Technology,

Agency of industrial Science and Technology, of 1-3,

Higashi 1-chome, Tsukubashi, Ibaraki pref., Japan, as

FERM BP-4434.

5) FACS analysis

[0245] Furthermore, in order to confirm that the pro-

tein encoded by p3.1 9 indeed binds to anti-HMI .24 anti-

body, a CHO transformant cell line in which P3.19 has

bee introduced was established. Thus, after P3.19

clone was introduced into CHO cells by the electropora-

tion method, it was cultured in the presence of 500

Hp/ml G418 (GIBCO-BRL) to obtain a CHO cell line that

expresses H M1 .24 antigen.

[0246] The cultured cells (1 x 106) were suspended

to the FACS buffer (PBS (-) / 2% FCS / 0.1% NaN3),

HM1 .24 antibody was added thereto, which was reacted

on ice for 30 minutes. After washing twice in the FACS
buffer, it was resuspended in a GAM-FITC solution (25

u.g/ml in the FACS buffer; Becton Dickinson), and was
further reacted on ice for 30 minutes. After washing

twice in the FACS buffer, it was resuspended in 600 uJ of

the FACS buffer for measurement by the FACScan
(Becton Dickinson).

[0247] As a negative control, UPC1 0 was used.

[0248] As result of FACS analysis, CHO cells in

which P3.19 has been introduced were shown to react

strongly with anti-HM1.24 antibody, whereas no binding

was obtained in CHO cells (CHO/NEO) in which the

control expression vector has only been introduced

(Figure 1 7). It was confirmed therefore that the protein

encoded by P3.1 9 binds to anti-HM1 .24 antibody.

6) Immunoprecipitation

[0249] After washing the cells twice in PBS (-), they

were crushed by ultrasonication in the cell lysate buffer

method (50 mM sodium acetate, 150 mM NaCI, 0.5%
sodium deoxycholate, 1% Nonidet P-40, 0.1 mg/ml phe-

nylmethylsulphonyf fluoride, protease inhibitor cocktail

[Boehringer Mannheim]) to obtain a soluble fraction.

The soluble fraction was added to anti-HM1.24 anti-

body-conjugated Sepharose 4B beads. After centrifuga-

tion, the precipitate was isolated on SDS-PAGE (12%
gel), which was transferred to a PVDF membrane. The

5 PVDF membrane was reacted with anti-HM1.24 anti-

body, and then with POD-anti-mouse IgG, and detected

using the ECL kit (Amersham).

[0250] Each of myeloma cell lines KPMM2,
RPMI8226, and U266 strongly expressed HM1.24 anti-

10 gen, and immunoprecipitation of the cell lysates thereof

with anti-HM1.24 antibody allowed the specific detec-

tion of proteins having a molecular weight of about 29-

33 kDa (Figure 18). In a similar experiment for CHO cell

lines (CHO/HM) in which P3.19 has been introduced,

75 immunoprecipitants were confirmed in the CHO/HM
cells as for the myeloma cell lines (Figure 18, lane 4).

Such immunoprecipitants could not be confirmed in the

control cells (CHO/NEO) in which the expression vector

pCOS1 has only been introduced (Figure 18, lane 5).

20 [0251] P3.19 encodes a protein having an esti-

mated molecular weight of 19.8 kDa comprising 180

amino acids (Figure 14). Thus, it suggested that the

presence of substances having different molecular

weights observed by immunoprecipitation was due to

25 differences in the modification of N-type sugar chains.

In fact, the immunoprecipitant has been confirmed to

bind to several lectins.

Explanation of sequence listing

30

[0252]

SEQ ID NO: 1 shows the amino acid sequence and

the nucleotide sequence of the extracellular domain
35 of soluble HM1 .24 antigen protein.

SEQ ID NO: 2 shows the amino acid sequence and

the nucleotide sequence of a fusion protein com-

prising the leader sequence, the FLAG peptide and

soluble HM1.24 antigen protein. A sequence com-
40 prising Met at position 1 to His at position 1 8 repre-

sents the leader sequence. A sequence comprising

Asp at position 20 to Lys at position 27 represents

the FLAG peptide. A sequence comprising Gly at

position 28 to Thr at position 29 is a linker.

45 SEQ ID NO: 3 shows the amino acid sequence and

the nucleotide sequence of a fusion protein com-
prising the HA peptide and the soluble HM1 .24 anti-

gen protein. A sequence comprising Tyr at position

1 to Ala at position 9 represents the HA peptide. A
so sequence comprising Gly at position 28 to Thr at

position 29 is a linker.

SEQ ID NO: 4 shows the amino acid sequence and

the nucleotide sequence of a fusion protein com-
prising the HA peptide and the C-terminal-deleted

55 soluble HM1.24 antigen protein. A sequence com-
prising Tyr at position 1 to Ala at position 9 repre-

sents the HA peptide. A sequence comprising Gly

at position 26 to Thr at position 29 is a linker.
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SEQ ID NO: 5 shows the nucleotide sequence of

the determined CGM/HA and the amino acid

sequence of the HA peptide. A sequence compris-

ing Tyr at position 1 to Ala at position 9 represents

the HA peptide.

SEQ ID NO: 6 shows the amino acid sequence and

the nucleotide sequence of the determined

CGM/HA-HM1 64. A sequence comprising Met at

position 1 to Cys at position 20 represents a leader

sequence. A sequence comprising Gly at position 3

to Thr at position 32 is a linker. A sequence com-

prising Asn at position 33 to Ala at position 151 is

the C-terminal-deleted soluble HM1 .24 antigen pro-

tein.

SEQ ID NO: 7 shows the nucleotide sequence of

primer CMV/L
SEQ ID NO: 8 shows the nucleotide sequence of

primer BGH-1.
SEQ ID NO: 9 shows the nucleotide sequence of

primer SOI-1.

SEQ ID NO: 10 shows the nucleotide sequence of

primer Sol-2.

SEQ ID NO: 1 1 shows the nucleotide sequence of

primer Sol-3.

SEQ ID NO: 12 shows the nucleotide sequence of

one of the synthetic DNA pair comprising a leader

sequence and the FLAG peptide sequence.

SEQ ID NO: 13 shows the nucleotide sequence of

the other of the synthetic DNA pair comprising a

leader sequence and the FLAG peptide sequence.

SEQ ID NO: 14 shows the nucleotide sequence of

one of the synthetic DNA pair having the HA pep-

tide sequence.

SEQ ID NO: 15 shows the nucleotide sequence of

the other of the synthetic DNA pair having the HA
peptide sequence.

SEQ ID NO: 16 shows the amino acid sequence

and the nucleotide sequence of human HM1.24
antigen protein expressed on the cell membrane.

SEQ ID NO: 17 shows the amino acid sequence

and the nucleotide sequence of the a version of the

L chain V region of humanized anti-HM1.24 anti-

body.

SEQ ID NO: 18 shows the amino acid sequence

and the nucleotide sequence of the r version of the

H chain V region of humanized anti-HM1.24 anti-

body.

SEQ ID NO: 19 shows the amino acid sequence

and the nucleotide sequence of the s version of the

H chain V region of humanized anti-HM1.24 anti-

body.

pg/ml. The soluble HM1.24 antigen protein or anti-

HM1 .24 antibody that could so far be detected or deter-

mined only up to 10 ng/ml by the Cell Elisa can now be

determined according to the present invention both sen-

5 sitively and rapidly, and a large number of samples can

be determined.

[0254] The soluble HM1.24 antigen protein of the

present invention or DNA encoding it is useful for the

determination of anti-HM1.24 antibody or soluble

10 HM1 .24 antigen protein.

Reference to the microorganisms deposited under the

Patent Cooperation Treaty, Rule 13-2, and the name of

the

15

Depository Institute

Depository Institute

20 Name: the National Institute of Bioscience and Human
Technology, Agency of Industrial Science and Technol-

ogy

Address: 1-3, Higashi 1-chome, Tsukuba-shi, Ibaraki

25 pref., Japan

Organism (1)

[0255]

30

Name: Escherichia coli DH5a (pRS38-pUC1 9)

Accession number: FERM BP-4434

Date deposited: October 5, 1993

35 Organism (2)

[0256]

Name: Mouse-mouse hybridoma HM1.24
40 Accession number: FERM BP-5233

Date deposited: September 14, 1995

Organism (3)

45 [0257]

Name: Escherichia coli DHSct (pUC19-1.24L-gic)

Accession number: FERM BP-5646

Date deposited: August 29, 1 996

so

Organism (4)

Industrial Applicability

[0253] According to the immunochemical assay of 55

the present invention, it is possible to detect or deter-

mine soluble HM1.24 antigen protein or anti-HM1.24

antibody having a concentration of up to about 500

[0258]

Name: Escherichia coli DHSct (pUC19-1.24H-gy1)

Accession number: FERM BP-5644

Date deposited: August 29, 1 996
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Organism (5)

[0259]

Name: Escherichia coli DH5a (pUCl9-RVLa-AHN- 5

9K )

Accession number: FERN BP-5645

Date deposited: August 29, 1996

7. The immunochemical assay according to any of

claims 1 to 6 wherein the anti-HM1.24 antibody

bound to the soluble HM1 .24 antigen protein or the

soluble HM1.24 antigen protein bound to the anti-

HM1 .24 antibody is detected or determined using a

primary antibody against the anti-HM1 .24 antibody

or a primary antibody against the soluble HM1 .24

antigen protein.

Organism (6) io

[0260]

Name: Escherichia coli DH5a (pUC19-RVHr-AHM-

gyi) 15

Accession number: FERM BP-5643

Date deposited: August 29, 1996

Organism (7)

20

[0261]

Name: Escherichia coli DH5a (pUC19-RVHs-AHM-

971)

Accession number: FERM BP-6127 25

Date deposited: September 29, 1997

Claims

1. An immunochemical assay for anti-HM1.24 anti- 30

body, said method comprising the steps of reacting

soluble HM1.24 antigen protein and anti-HM1.24

antibody contained in a test sample, and then

detecting or determining the anti-HM1.24 antibody

bound to the soluble HM1 .24 antigen protein. 35

8. The immunochemical assay according to any of

claims 1 to 7 wherein the anti-HM1.24 antibody

bound to the soluble HM1 .24 antigen protein or the

soluble HM1.24 antigen protein bound to the anti-

HM1.24 antibody is detected or determined using a

primary antibody against the anti-HM1.24 antibody

or a primary antibody against the soluble HM1.24
antigen protein, and a second antibody against said

primary antibody.

9. The immunochemical assay according to any of

claims 1 to 8 wherein the primary antibody or the

second antibody is labeled with a radioisotope, an

enzyme, biotin/avidin or a fluorogenic substance.

10. The soluble HM1.24 antigen protein having the

amino acid sequence as set forth in SEQ ID NO: 1.

11. A fusion protein of the soluble HM1.24 antigen pro-

tein according to claim 1 0 and another peptide or

polypeptide.

12. DNA encoding the soluble HM1 .24 antigen protein

or the fusion protein of the soluble HM1 .24 antigen

protein and another peptide or polypeptide accord-

ing to claim 1 0 or 1 1

.

2. The immunochemical assay according to claim 1

wherein said soluble HM1.24 antigen protein is

bound to a support.

40

3. An immunochemical assay for soluble HM1 .24 anti-

gen protein, said method comprising the steps of

reacting anti-HM1 .24 antibody and soluble HM1.24
antigen protein contained in a test sample, and then

detecting or determining the soluble HM1 .24 anti- 45

gen protein bound to the anti-HM1 .24 antibody.

4. The immunochemical assay according to claim 3

wherein said anti-HM1.24 antibody is bound to a

support. so

5. The immunochemical assay according to any of

claims 1 to 4 wherein said soluble HM1.24 antigen

protein is fused to another peptide or polypeptide.

55

6. The immunochemical assay according to claim 2 or

4 wherein said support is beads or a plate.
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Fig .7
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